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Besides multiple conformations within the right 
handed B-DNA family, DNA polymers also adopt left handed 
Z-conformations. These modified conformations differ from 
B-DNA mainly in surface structures, nucleoside 
conformations, pitch size' and immunogenic potency. Among 
the members of left handed DNA family, Z(WC)-DNA resembles 
B-DNA in having similar chain orientation. High 
concentration of salts and solvents, polyamines, 
oligopeptides, covalent modifications, negative supercoiling 
and even high pressure are the major factors that induce 
and/or stabilize Z-conformation by changing the 
microenvironment of the helix. Although alternate 
purine-pyrimidine sequences readily undergo B- to 
Z-transition, it is now believed that strict adherance to 
these sequences is not absolutely necessary and the Z-helix 
could be formed even in the presence of intervening 
sequences (zintrons). 
Besides anti-ZDNA antibodies, several Z-DNA-binding 
proteins have been isolated from living system that show 
high affinity for this conformation. The characterization 
of Z-DNA and its biological relevance has been recognized 
as important aspects of Z-DNA biochemistry. Both B- and 
Z-conformations are shown to coexist in equilibrium in 
plasmids of E_. coli and may elicits biological response 
in vivo. It is speculated that Z-DNA forming sequences may 
also play important role in gene regulation and in 
homologous genetic recombination. The direct evidence for 
the presence of Z-DNA in intact eukaryotic genomic sequences 
is still eluding. During past few years, more interesting 
results have appeared showing that Z-DNA is approaching 
towards 'real biology'. 
Calf thymus DNA was purified free of proteins and 
single stranded regions and subjected to physico-chemical 
and immunological characterization for its Z-DNA forming 
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potentiality. B- to Z-transition of poly(dG-dC).poly(dG-dC) 
in 4.0 M NaCl and 50% aqueous ethanol is marked by 
hyperchromicity at 295 nm and hypochromicity at 260 nm with 
red shift in the UV spectrum. This property was evaluated 
in terms of ^ value which was found to be independent of 
DNA concentration and helix denaturation. The decrease in 
Z value for nDNA was 0.136 in 4.27 M and 0.144 in 50% 
ethanol while it was 0.724 for Z-form of poly(dG-dC). These 
results suggest that nDNA could adopt Z-/Z-related 
conformation to a limited extent (around 20%). The 
reactivity of diethyl pyrocarbonate (DEPC), a probe for 
Z-DNA, to nDNA was significantly high in presence of 50% 
ethanol. The melting of this sample was initiated at 65°C 
and at 82°C around 33% denaturation was achieved while at 
this temperature melting of control sample was not even 
initiated. The modified polymer was sensitive to nuclease 
Si and produced random fragments of varying length showing 
that the modification was not localized. Calculation of 
free energy of denaturation of the modified sample revealed 
the existence of more than one type of base stacking. 
Native DNA in 4.27 M NaCl was, however, could not be 
modified since addition of DEPC caused recrystallization of 
NaCl. 
At low ethidium/DNA ratio, the fluorescence 
enhancement, a characteristic of intercalation of the drug, 
was considerably reduced in presence of high salt (4.27 M 
NaCl) and 50% ethanol. The binding of ethidium to DNA was 
also analyzed by Scatchard plot. One ethidium per two base 
pair was bound in low salt (0.15 M NaCl) sample while the 
overall binding was decreased when salt concentration was 
raised to 4.27 M. These effects could be attributed to the 
partial transition of nDNA to Z-DNA since Z-conformation is 
known to have lower affinity for ethidium. The solvent 
effect on ethidium and ethidium-DNA complex was also studied. 
Ill 
The UV difference spectra of ethidium in 50% ethanol to that 
in physiological conditions revealed enhanced absorption 
near Aex (304 nm) . The spectra included one positive peak 
at 295 nm with a shoulder at 330 nm and a negative peak at 
275 nm. When nDNA was added to form complex with ethidium 
in both the control and test solutions, blue shift to the 
extent of 5 nm was noted in the positive peak whereas 
negative peak got disappeared. The data indicated that the 
complex formed in presence of ethanol is different from that 
present under physiological conditions. Another ligand, 
poly-L-lysine that interacts with DNA on charge basis caused 
only condensation of the molecule. An average of 6 lysine 
residues were bound to per helical turn of the double helix 
to form stable and insoluble aggregated complex. 
Native DNA brominated in 4.27 M NaCl (Br4) and 0.15 M 
NaCl (BrN) at pH 7.4 exhibited distinct UV absorption 
properties as compared to unbrominated form. Absorbance 
ratio (average of absorbance at 296 nm and 294 nm divided by 
the absorbance at 260 nm) was found to be < 0.10 for B-DNA 
and around 0.3 for Z-DNA. The calculated ratio for Br4 and 
BrN were 0.27 and 0.44 respectively. The ratio was 
independent of the size of nDNA. Both the brominated form 
of nDNA displayed a Z-DNA-like UV spectra at low salt 
conditions. Poly(dG-dC) brominated in high salt retained 
Z-conformation in low salt whereas low salt brominated form 
exhibited B-DNA characteristics. Total buffalo thymus RNA 
brominated in high and low salt, although containing high 
percentage of modified bases (64% cytosine and 49% guanine) 
did not exhibit comparable spectral changes. These data 
strongly indicate that bromination itself induces/stabilizes 
Z-DNA-like conformation in nDNA but not in poly(dG-dC). 
Both the brominated forms of nDNA were highly 
immunogenic and elicited high titre non-precipitating 
antibodies in rabbits. The electrophoretically pure IgG 
IV 
isolated from the immunesera were highly reactive to their 
immunogen. The competition experiments demonstrated that 
both of the antibodies show similar specificity but to a 
significant difference in binding to Z-form of poly(dG-dC). 
The binding of anti-Br4 IgG to its immunogen was competed 
with Z-DNA but to a lesser extent. This property was not 
found in anti-BrN antibody populations. The results clearly 
indicate that Br4 and Z-form of poly(dG-dC) possess common 
epitopes. Interestingly, neither of the two antibodies 
recognize double stranded poly{dG-dC), Br-poly(dG-dC) 
(low salt form), nDNA, denatured DNA, poly(dG).poly(dC), 
A-DNA, RNA and RNA brominated in high and low salt. 
Therefore, the major recognition site in Br-nDNA could be 
essentially non-right handed conformation. The affinity 
purified SLE anti-nDNA autoantibodies in which the major 
population recognizes sugar-phosphate backbone of nDNA did 
not reacted with Br-nDNA to a considerable extent. 
A more precise information regarding the nature of 
the helix in Br-nDNA was inferred from the CD measurements 
and the binding experiments of mouse monoclonal anti-ZDNA 
antibody (Z22) which specifically binds to the backbone of 
Z-form of (dG-dC) sequences. In a competition ELISA, BrN 
as well as Br4 polymers successfully inhibited the binding 
of Z22 to Z-DNA to the extent of 48% and 60% respectively 
but at considerably higher inhibitor concentration. In nDNA 
fragments (average size 325 bp) obtained after brief 
digestion with DNase I, high salt induced conformation was 
stabilized at low salt conditions by bromination and allowed 
to interact with varying amount of Z22. Several retarded 
bands of immune complexes of varying size was observed in a 
gel retardation assay. B- to Z-transition in Br-nDNA was 
also demonstrated by circular dichroism measurements. 
Native DNA in low salt exhibited CD spectra analogous to 
B-DNA that is marked by negative ellipticity at 240 nm and 
positive ellipticity at 272 nm. After bromination in low 
salt (BrN), near inversion with red shift in the CD spectrum 
was noticed. For this sample positive and negative 
ellipticity correspond to 249 nm and 290 nm respectively. 
However, conformational isomerization in case of Br 4 was 
evident but to a lesser extent than BrN. 
In conclusion, native DNA fully assumes 
B-conformation at physiologically compatible conditions and 
it has the potentiality to undergo right to left handed 
isomerization. Irrespective of salt concentrations, 
covalent modification (e.g. bromination) induces left handed 
helix in nDNA. A left handed Zt-DNA is proposed as a major 
conformational feature in brominated nDNA which can interact 
with Z-DNA binding protein(s) and finally assumes cannonical 
Z-DNA. Thus, in DNA sequences of biological origin, B- to 
Z-transition may be a two-event process. 
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ABSTRACT 
Besides multiple conformations within the right 
handed B-DNA family, DNA polymers also adopt left handed 
Z-conformations. These modified conformations differ from 
B-DNA mainly in surface structures, nucleoside 
conformations, pitch size and immunogenic potency. Among 
the members of left handed DNA family, Z(WC)-DNA resembles 
B-DNA in having similar chain orientation. High 
concentration of salts and solvents, polyamines, 
oligopeptides, covalent modifications, negative supercoiling 
and even high pressure are the major factors that induce 
and/or stabilize Z-conformation by changing the 
microenvironment of the helix. Although alternate 
purine-pyrimidine sequences readily undergo B- to 
Z-transition, it is now believed that strict adherance to 
these sequences is not absolutely necessary and the Z-helix 
could be formed even in the presence of intervening 
sequences (zintrons). 
Besides anti-ZDNA antibodies, several Z-DNA-binding 
proteins have been isolated from living system that show 
high affinity for this conformation. The characterization 
of Z-DNA and its biological relevance has been recognized 
as important aspects of Z-DNA biochemistry. Both B- and 
Z-conformations are shown to coexist in equilibrium in 
plasmids of E^ . coli and may elicits biological response 
in vivo. It is speculated that Z-DNA forming sequences may 
also play important role in gene regulation and in 
homologous genetic recombination. The direct evidence for 
the presence of Z-DNA in intact eukaryotic genomic sequences 
is still eluding. During past few years, more interesting 
results have appeared showing that Z-DNA is approaching 
towards 'real biology'. 
Calf thymus DNA was purified free of proteins and 
single stranded regions and subjected to physico-chemical 
and immunological characterization for its Z-DNA forming 
11 
potentiality. B- to Z-transition of poly(dG-dC).poly(dG-dC) 
in 4.0 M NaCl and 50% aqueous ethanol is marked by 
hyperchromicity at 295 nm and hypochromicity at 260 nm with 
red shift in the UV spectrum. This property was evaluated 
in terms of ^ value whifJh was found to be independent of 
DNA concentration and helix denaturation. The decrease in 
Z value for nDNA was 0.136 in 4.27 M and 0.144 in 50% 
ethanol while it was 0.724 for Z-form of poly(dG-dC). These 
results suggest that nDNA could adopt Z-/Z-related 
conformation to a limited extent (around 20%). The 
reactivity of diethyl pyrocarbonate (DEPC), a probe for 
Z-DNA, to nDNA was significantly high in presence of 50% 
ethanol. The melting of this sample was initiated at 65°C 
and at 82°C around 33% denaturation was achieved while at 
this temperature melting of control sample was not even 
initiated. The modified polymer was sensitive to nuclease 
Si and produced random fragments of varying length showing 
that the modification was not localized. Calculation of 
free energy of denaturation of the modified sample revealed 
the existence of more than one type of base stacking. 
Native DNA in 4.27 M NaCl was, however, could not be 
modified since addition of DEPC caused recrystallization of 
NaCl. 
At low ethidium/DNA ratio, the fluorescence 
enhancement, a characteristic of intercalation of the drug, 
was considerably reduced in presence of high salt (4.27 M 
NaCl) and 50% ethanol. The binding of ethidium to DNA was 
also analyzed by Scatchard plot. One ethidium per two base 
pair was bound in low salt (0.15 M NaCl) sample while the 
overall binding was decreased when salt concentration was 
raised to 4.27 M. These effects could be attributed to the 
partial transition of nDNA to Z-DNA since Z-conformation is 
known to have lower affinity for ethidium. The solvent 
effect on ethidium and ethidium-DNA complex was also studied. 
Ill 
The UV difference spectra of ethidium in 50% ethanol to that 
in physiological conditions revealed enhanced absorption 
near Aex (304 nm) . The spectra included one positive peak 
at 295 nm with a shoulder at 330 nm and a negative peak at 
-275 nm. When nDNA was added to form complex with ethidium 
in both the control and test solutions/ blue shift to the 
extent of 5 nm was noted in the positive peak whereas 
negative peak got disappeared. The data indicated that the 
complex formed in presence of ethanol is different from that 
present under physiological conditions. Another ligand, 
poly-L-lysine that interacts with DNA on charge basis caused 
only condensation of the molecule. An average of 6 lysine 
residues were bound to per helical turn of the double helix 
to form stable and insoluble aggregated complex. 
Native DNA brominated in 4.27 M NaCl (Br4) and 0.15 M 
NaCl (BrN) at pH 7.4 exhibited distinct UV absorption 
properties as compared to unbrominated form. Absorbance 
ratio (average of absorbance at 296 nm and 294 nm divided by 
the absorbance at 260 nm) was found to be < 0.10 for B-DNA 
and around 0.3 for Z-DNA. The calculated ratio for Br4 and 
BrN were 0.27 and 0.44 respectively. The ratio was 
independent of the size of nDNA. Both the brominated form 
of nDNA displayed a Z-DNA-like UV spectra at low salt 
conditions. Poly(dG-dC) brominated in high salt retained 
Z-conformation in low salt whereas low salt brominated form 
exhibited B-DNA characteristics. Total buffalo thymus RNA 
brominated in high and low salt, although containing high 
percentage of modified bases (64% cytosine and 49% guanine) 
did not exhibit comparable spectral changes. These data 
strongly indicate that bromination itself induces/stabilizes 
Z-DNA-like conformation in nDNA but not in poly(dG-dC). 
Both the brominated forms of nDNA were highly 
immunogenic and elicited high titre non-precipitating 
antibodies in rabbits. The electrophoretically pure IgG 
IV 
isolated from the immunesera were highly reactive to their 
immunogen. The competition experiments demonstrated that 
both of the antibodies show similar specificity but to a 
significant difference in binding to Z-form of poly(dG-dC). 
The binding of anti-Br4 IgG to its immunogen was competed 
with Z-DNA but to a lesser extent. This property was not 
found in anti-BrN antibody populations. The results clearly 
indicate that Br4 and Z-form of polY(dG-dC} possess common 
epitopes. Interestingly, neither of the two antibodies 
recognize double stranded poly(dG-dC), Br-poly(dG-dC) 
(low salt form), nDNA, denatured DNA, poly(dG).poly(dC), 
A-DNA, RNA and RNA brominated in high and low salt. 
Therefore, the major recognition site in Br-nDNA could be 
essentially non-right handed conformation. The affinity 
purified SLE anti-nDNA autoantibodies in which the major 
population recognizes sugar-phosphate backbone of nDNA did 
not reacted with Br-nDNA to a considerable extent. 
A more precise information regarding the nature of 
the helix in Br-nDNA was inferred from the CD measurements 
and the binding experiments of mouse monoclonal anti-ZDNA 
antibody (Z22) which specifically binds to the backbone of 
Z-form of (dG-dC) sequences. In a competition ELISA, BrN 
as well as Br4 polymers successfully inhibited the binding 
of Z22 to Z-DNA to the extent of 48% and 60% respectively 
but at considerably higher inhibitor concentration. In nDNA 
fragments (average size 325 bp) obtained after brief 
digestion with DNase I, high salt induced conformation was 
stabilized at low salt conditions by bromination and allowed 
to interact with varying amount of Z22. Several retarded 
bands of immune complexes of varying size was observed in a 
gel retardation assay. B- to Z-transition in Br-nDNA was 
also demonstrated by circular dichroism measurements. 
Native DNA in low salt exhibited CD spectra analogous to 
B-DNA that is marked by negative ellipticity at 240 nm and 
positive ellipticity at 272 nm. After bromination in low 
salt (BrN), near inversion with red shift in the CD spectrum 
was noticed. For this sample positive and negative 
ellipticity correspond to 249 nm and 290 nm respectively. 
However, conformational isomerization in case of Br4 was 
evident but to a lesser extent than BrN. 
In conclusion, native DNA fully assumes 
B-conformation at physiologically compatible conditions and 
it has the potentiality to undergo right to left handed 
isomerization. Irrespective of salt concentrations, 
covalent modification (e.g. bromination) induces left handed 
helix in nDNA. A left handed Zt-DNA is proposed as a major 
conformational feature in brominated nDNA which can interact 
with Z-DNA binding protein(s) and finally assumes cannonical 
Z-DNA. Thus, in DNA sequences of biological origin, B- to 
Z-transition may be a two-event process. 
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INTRODUCTION 
DNA is a right handed double stranded helix with the 
two polynucleotide chains wound around the same axis and 
held together by hydrogen bonds between the bases (Watson 
and Crick, 1953). V-Jhile this model of DNA, regarded as 
B-DNA, remains close to the accepted structure of the DNA 
molecule in solution, more refined X-ray diffraction studies 
have shown that DNA fibres can have alternative 
conformations such as A- and C-DNA within the right handed 
family (Adams et al., 1981) (Table 1). 
Since the late 1970s there have been several 
challenges to the B-structure of the DNA double helix. The 
understanding of the nature, structure and conformation of 
nucleic acids took a new direction. Synthetic DNA analogues 
of known sequences were used for the indepth studies which 
gave unusual conformations under a variety of experimental 
conditions. The outcome of these results and more advanced 
X-ray diffraction studies on alternate purine-pyrimidine 
oligonucleotides finally led to the discovery of left handed 
Z-DNA (Wang et al., 1979). 
Conformationally Altered DNA: Z-DNA 
An alternate purine-pyrimidine copolymer 
poly(dG-dC).poly(dG-dC) was shown to undergo a salt-induced, 
very cooperative helix-helix transition in neutral solution 
(Pohl and Jovin, 1972) and in 50% ethanol (Pohl, 1976) which 
is most easily followed by the inversion of the CD spectrum 
in the near ultraviolet. The X-ray crystallographic studies 
of a double-helix containing hexanucleoside pentaphosphate 
with a sequence of d(C G C G C G) revealed that the 
p p p p p 
TABLE 1 
Differences among various conformations of right handed DNA 
Residue Inclination 
, o 
Form Pitch (A) per of base pair 
turn from 
horizontal 
A (Na-salt, 75% 28 11 20' 
relative humidity) 
B (Na-salt, 92% 34 10 0' 
relative humidity) 
C (Li-salt, 66% 31 9.3 6' 
relative humidity) 
RNA-DNA hybrid 2 8 11 20' 
Source: Adams et al. (1981) 
copolymer can assume a left handed double helical conforma-
tion with antiparellel sugar-phosphate backbone in zig-zag 
arrangement (Wang et al., 1979; Drew et al., ,1980; VJang et 
al./ 1981). This novel helical structure which was 
analogous to that observed for poly(dG-dC) in high salt was 
termed as Z-DNA. Both of the right handed A- and B-DNA 
differ from left handed Z-DNA in very distinct way and their 
characteristics are summarized in Table 2. 
In the conversion of B- to Z-DNA the purine residue 
rotates about its glycosidic bond from anti to syn while in 
case of pyrimidines, both the base as well as the sugar 
rotates about the axis (Rich et al., 1984). These rotations 
produce rough, zig-zag backbone of Z-DNA. The phosphate 
groups on the opposite strands come closer in Z-DNA as 
compared to B-conformation. Thus, phosphate-phosphate 
repulsion makes Z-DNA molecule less stable. Crystallographic 
studies (Westhof et al., 1985; Saenger et al., 1986; Elliott 
and Goodfellow, 1989) showed that Z-DNA binds less water of 
hydration along the sugar-phosphate backbone than does 
B-DNA. It has been suggested that more economical hydration 
in A- and Z-DNA in low water-activity may be the drivine 
force for B-• A and B —» Z transition (Saenger et al., 1985). 
High concentration of salts drive B- to Z-transition partly 
by competing with DNA for water of hydration and partly by 
reducing phosphate-phosphate repulsion. Organic solvents, 
anions and hydrophobic moities, whose addition decreases 
water activity, also effectively induce Z-DNA in B-confornia-
tion and could be explained in the same fashion. The 
hydration pattern of DNA could also be changed at very high 
pressure. Krzyzaniak et al. (1991) have shown that a 
pressure of several kilobars can change the DNA conformation 
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from B- to Z-form. When the pressure is reduced to an 
atmospheric one, DNA conformation returns back to the B-form 
in poly(dG-dC). 
The imidazole ring of guanine is found prominantly on 
the outer part of the Z-DNA with considerable exposure of 
guanine N7 and C8 whereas these atoms are shielded in B-DNA. 
The H-atom of guanine-C8 is at the periphery of the molecule 
in Z-DNA while it is in the Van der Waal's contact with the 
sugar-phosphate chain on the outside of the molecule in 
B-DNA (Rich et al., 1984). These structural differences 
contribute to the high reactivity of Z-DNA towards DNA-
modifying agents. Bromination of poly(dG-dC) in Z-form 
results largely the halogenation of C8 position of guanine 
and to a lesser extent on the C5 position of cytosine 
(Nordheim et al., 1981; Moller et al., 1984). Bromination 
of 35% of guanine and 17% of cytosine of poly(dG-dC) in 
4.0 M NaCl stabilize the molecule in Z-form even after 
removal of salt. Under these conditions guanine C8 
stabilizes in syn conformation (Moller et al., 1984; Ross et 
al., 1989). Reaction of C8 position of guanine with the 
carcinogen N-acetoxyaminofluorene also stabilizes the 
Z-conformation of poly(dG-dC) at low salt concentration due 
to addition of a bulky substituent which prevents the 
assumption of the anti-conformation (Santella et al., 1981; 
Rio and Leng, 1983). A number of reactions have also been 
found to occur at the N7 position. Methylation of N7 of 
guanine leads to stabilization of Z-DNA (Moller et al., 
1981). When poly(dG-dC) is fully methylated in this 
position the polymer is stabilized as Z-DNA in a physio-
logical salt solution. Methylation of N7 is associated with 
introduction of a formal positive charge in this position 
which may contribute to the stabilization of Z-DNA by 
electrostatic means similar to that observed in case of 
concentrated NaCl solution. Cytosine methylation at C5 is a 
biological DNA-modification that facilitates Z-DNA 
formation in alternate dC-dG sequences, which could be 
relevant stabilizing factor for Z-DNA segment i^ vivo and 
that it could function as a trigger to shift a B ^  Z 
equilibrium forwardly inside a living cell (Zacharias et 
al., 1988a). Behe and Felsenfeld (1981) have shown that much 
less Na or K ions are needed to stabilize Z-DNA in the 
methylated polymer as compared to the unmethylated DNA. The 
methyl group fill a slight hydrophobic depression formed by 
the imidazole group of guanine and the Cl' and C2' hydrogen 
atoms of the sugar. In the absence of the methyl group, the 
depress'ion is normally filled by water molecules. The 
methyl group acts to form a small hydrophobic patch on the 
surface of the molecule that stabilizes it by excluding 
water from the hydrophobic pocket. The position of the 
methyl group in Z-DNA is marked contrast to its position in 
B-DNA, where it projects into the major groove of the double 
helix and is surrounded by water molecules. These 
differences in the environment of the methyl group of 
cytosine in Z-DNA and B-DNA is one of the major factors in 
leading to the strong stabilization of Z-DNA (Fujii et al., 
1982). Modification on other part of cytosine also stabilize 
4 
Z-conformation. The hexamer d{CGCGmo CG) in which 
4 4 
N -methoxycytosine (mo C) is found to be in the imino form 
and the methoxy group in the syn configuration, forms wobble 
base pair with guanine and crystallizes as Z-DNA helix at 
relatively low cationic concentration (Meervelt et al., 
1990). 
Relatives of Z-Fam.i ly of DNA 
Z-DNA exists not as a single structure but rather as 
a family of related structures which are broadly similar to 
each other but differ in certain parameters. The spectro-
scopic studies of thermal stability of Z-form of 
oligonucleotides such as d(m C-G)- (Genest et al., 1984), 
d(m^C-G)2 and dCbr^C-G)^ (Hartmann et al., 1983; 1986) 
suggest that the polymers can aggregate in a special manner 
by end-to-end interaction at higher concentration 
(e.g. lO""^  M) to Z^gg-DNA (or Z*-DNA) similar to that 
observed for Z-DNA crystals (Crawford et al., 1980). The 
stable Z,„„ dissociates into individual molecule (the actual agg 
Z-DNA) without change in its conformation when temperature 
is increased. Further increase in temperature induces first 
a left-handed intermediate, the X-conformation and then the 
cooperative melting occur into single stranded (SS) form 
(Genest et al., 1987). 
^ a g g - ' ^ ^ ^ ^ ^ 
The Z^ form in which the interproton distance between the 
terminal GC base pair of two different molecules are in the 
same range as those observed within the helix, depends on 
the concentration of oligonucleotide. For instance, at a 
concentration of 7 x 10"^ M, Z-conformation but not Z^^„ of 
d(br^C-G)3 is observed (Genest et al., 1987). 
Two different Z-conformations of d(Crj G_ C^ G C„ G„) 
ir ir P P P P 
hexanucleotide are observed in which phosphates are found 
either facing the helical groove or rotated away from it. 
These two variants of Z-DNA namely ZI and ZII differ in the 
following aspects (Wang et al., 1981; Genest et al., 1987). 
1) The difference in torsion angles between the CpG and 
GpC are 54° and 19° respectively in the ZII conforma-
tion. These angles are found to be 184° and 149° in 
ZI respectively. 
o 2) The CH4'-CH5' distance is 1.8 A in ZI while it is 
o 3.5 A in the ZII form. 
3) ZI is a gauche (-)-trans for the phosphodiester 
conformation while ZII is gauche (+)-trans. 
4) In the ZI conformation of G C, the two hydrogen atoms 
of guanine N2 amino group form hydrogen bonds, one to 
the cytosine 2 to which it paired and the other to a 
water molecule. That water molecule in turn forms a 
hydrogen bond to a phosphate oxygen linked to the 
dG 3' hydroxyl group. In the ZII conformation there 
is still a hydrogen bonding bridge but it involves a 
chain of two water molecules linking the N2 amino 
group and the phosphate oxygen. 
The left handed Z-DNA molecules may exist in a 
mixture of ZI and ZII or either of the two depending upon 
temperature, ionic composition and the local environment of 
the molecule (Wang et al., 1981). For example, at low 
temperature (25°C), the predominating Z-conformation is ZI 
(Chevrier et al., 1986) while in presence of cobalt 
hexamine, ZII conformation predominates (Gessner et al., 
1985). The left handed X-conformation differ from ZI mainly 
in the backbone conformation and it has greater CH4'-CH5' 
interproton distance than ZI form (Genest et al., 1987). 
A newly added left handed DNA helix to Z-family is 
Z(WC)-DNA which has a zig-zag backbone but having standard 
10 
orientation of backbone designed by Watson and Crick for 
B-DNA (Ansevin and Wang, 1990). Z(WC)-DNA has many features 
similar to that of canonical Z-DNA in having, pitch height, 
glycosidic bond orientation and the six sets of dinucleotide 
repeat per turn. Despite the close similarity in appearance, 
the two helices show significant differences: 
1) Z{WC)-DNA is related to B-DNA in having Watson-Crick 
type backbone directions while Z-DNA exhibits 
counter-Watson-Crick directions . 
2) Z(WC)-DNA has an additional hydrogen bond between 
each guanine amino group and negatively charged 
oxygen of the 5'-adjacent phosphate group. 
3) The base-stacking pattern in the two helices are 
distinct. The overlap .between the bases of the 
Z(WC)-primary stack is considerably greater than that 
of the corresponding stack in Z-DNA. 
Sequence Specificity of B-Z Transition 
Among various factors that influence B- to 
Z-transition, the base sequence and its composition in DNA 
is considered to be important. A long range of 
polynucleotides of varying base sequences have been tested 
for Z-DNA formation (Table 3). Among these polymers, 
poly(dG-m^dC).poly(dG-m^dC) and poly(dG-dC).poly(dG-dC) have 
been widely studied as these polymers are known to readily 
undergo B- to Z-transition. Behe and Felsenfeld (1981) have 
shown that poly(dG-m 5dC) adopts the Z-conformation at 
moderate salt concentration much lower than required for the 
TABLE 3 
The potentially Z-DNA forming synthetic DNA analogues 
11 
DNA polymer References 
Poly(dG-dC).poly(dG-dC) 
d(C G C G C^G) 
P P P P P 
Poly(dT-dG).poly(dC-dA) 
dCm^CGTACG)^ 
d (CGTACGTACG) 
d{br C-G) 
d(CGCATGCG)2 
d(m^C-G)2 
d[(CG)3T5(CG)3] 
d(br UGCGCG) 
Poly[d(A-br^C).d(G-T)] 
Poly(dG-m^ dC).poly(dG-m^dC) 
Poly(rG-dC).poly(rG-dC) 
Poly(dA-dT).poly(dA-dT) 
Poly(dA-dC).poly(dG-dT) 
Poly(dl-dC).poly(dl-dC) 
Pohl and Jovin (1972) 
Wang et al. (1979) 
Hamada et al. (1982) 
Wang et al. (1984) 
Brennam & Sundaralini^an 
(1985) 
Westhof et al. (1985) 
Genest et al. (1987) 
Fujii et al. (1985) 
Laigle et al. (1986) 
Xodo et al. (1986) 
Brown et al. (1986) 
Mirau et al. (1986) 
Behe (1986) 
Behe (1986) 
Bourtayre et al. (1987) 
Ridoux et al. (1987) 
Vorlickova and Sagi (1991) 
12 
corresponding unmethylated polymer. CD and UV absorption 
spectoscopy revealed that these polymers interact \/ith Ni+"'' 
ion to form Z-DNA and at least, for methylated polymer, as 
low as one cation/four nucleotide phosphates is sufficient 
to induce Z-conformation (Hacques and Marion, 1986). 
Initially, attempts to demonstrate Z-DNA formation in 
A.T containing polymers did not yield the promising results. 
However, substitution of 2-amino purine in place of adenine 
led to Z-DNA transition in a 2.0 M NaCl solution (Jovin 
et al., 1983). It was subsequently shown that 
poly(dA-dT).poly(dA-dT) at high NaCl concentration in 
presence of Ni"*"*" display CD, UV absorption and IR spectral 
characteristics of the left handed Z-DNA (Bourtayre et al., 
1987). The (dA-dT) insert of a supercoiled plasmid DNA 
showed left handed characteristic in presence of Ni''""'' under 
the conditions not sufficient to induce left handed 
structure in the linear plasmid and in poly{dA-dT) (Nejedly 
et al., 1989). A series of oligonucleotides containing A.T 
or T insert flanked by CG sequences have been tested for 
Z-DNA forming potentiality. The studies with these 
sequences suggest that long runs of A.T base pair can be 
easily accomodated in a Z-helix and more energy is 
required to effect the B-Z transition when the A.T base 
pairs are non-alternating (McLean and Wells, 1988). Similar 
studies by Ellison et al. (1985), investigating the 
energetic penalty of G -^ C and G -• T transversions on B-Z 
transition had led these workers to predict that certain 
strictly no.n-alternating purine and pyrimidine sequences may 
also adopt the Z-form readily. Subsequent studies on 
(CG)5(TA)4(CG)g sequences focussed that whereas the flanking 
(CG)5 regions adopt fully Z-DNA, the central (TA)^ region 
form non-B and non-Z structure. Self-complementary DNA 
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S 5 5 dodecamer d(br CGbr CGAATTbr CG) assumes regular B-DNA in 
low salt aqueous solutions while in high salt and methanol 
the (br CG)^ ends assume Z-DNA like conformation whereas 
AATT region is found to be neither standard B-DNA nor Z-DNA. 
Such structures produce junctions between two helical 
conformations (Hua et al./ 1989). Another oligonucleotide, 
a 36-mer, that forms unique junctions, is 
(rA),-(dG-dC)^(dT),-. The oligomer forms A-Z and A-B 
junctions within the helix in which the core adopts B- and 
Z-conformation in 0.14 M and 4.0 M NaCl respectively while 
the RNA/DNA hybrid assume A-helix (Sanford et al., 1988). 
The d(A-C) .d(G-T) is widely distributed in 
n n 
eukaryotic genome where it may be considered a form of 
middle repeatitive DNA (Hamada and Kakunaga, 1982). Short 
blocks of this polymer are converted to Z-form when 
subjected to topological stress in negatively supercoiled 
plasmids (Haniford and Pulleyblank, 1983; Nordheim and 
Rich, 1983). Linear poly(dA-dC).poly(dG-dT) has been shown 
to exist as Z-conformation in mixed NaClO ./ethanol solvents 
(Jovin et al., 1983), in dehydrated films (Taillandier et 
al., 1984) and fibers (Leslie et al., 1980) and after 
acetylaminofluorine modification (Wells et al., 1982). 
Members of this DNA family has been studied with various 
modifications such as methylation or bromination in their 
bases. For example, poly[d(A-m C).d(G-T)] (McConnell and 
Hippel, 1970) and poly[d(A-br C).d(G-T)] (Jovin et al., 
1983) undergo reversible, highly cooperative salt and 
temperature dependent B —> Z transition. Thus, a wide 
variety of DNA sequences can assume left handed 
Z-conformation depending on their microenvironment. 
Although in all the polynucleotide stated above, where most 
of them have alternate purine-pyrimidine sequences or out of 
14 
alternation can assume Z-helix; a self-complementary 
alternating DNA oligomer d(GTGTACAC) crystallizes as right 
handed A-DNA (Jain et al., 1987). Taking advantage of the 
results obtained for various DNA polymers, McLean and Wells 
(1988) have proposed "Sequence Rules" for the B- to 
Z-transition which follows as: 
1) An alternating purine-pyrimidine sequence is neither 
absolutely necessary nor sufficient for Z-helix 
formation. 
2) Consecutive A.T base pairs can be incorporated into a 
Z-helix irrespective of strand orientation. 
3) A maximum of six consecutive A.T base pairs can be 
tolerated within a coherent Z-helix. 
4) Z-helices will be transmitted through intervening 
sequences (zintrons) to form the longest left handed 
helix possible. 
5) Bases out of alternation may be incorporated into a 
Z-helix,the preferred helix is that which maintains 
alternating syn/anti conformational motif. 
6) The Z-Z junction occupies one base pair: helices in 
which adjacent purines are both in the syn 
conformation are disfavoured. 
7) Thymidine residues embedded in Z-DNA have unusual 
stacking properties. 
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Characterization of Z-DNA 
Double stranded poly(dG-dC) produces a near inversion 
of the UV circular dichroism spectrum when the salt 
concentration is raised from low to high. In a low salt 
solution this polymer exhibits a positive band at 280 nm 
which is converted to a more intense negative band with a 
minimum at 290 nm in 4.0 M NaCl (Pohl and Jovin, 1972; 
Ramstein and Leng, 1980; Behe and Felsenfeld, 1981). 
Similarly an inversion of the negative band at 253 nm to a 
positive band at 265 nm is observed. This CD inversion is 
among the simplest methods used to detect Z-DNA. However, 
some chemical modifications introduce chiral centres as 
shown by Tomasz et al. (1983), where reaction of poly{dG-dC) 
with mitomycin yields an inversion of the CD spectrum but 
without Z-DNA formation. In vacuum UV CD spectra, B-DNA has 
a large positive peak at 187 nm while the Z-DNA has a large 
negative peak at 194 nm and a positive band below 186 nm. 
The magnitude of the differences observed between B- and 
Z-DNA below 200 nm are about ten times greater than those 
observed between 230 nm and 300 nm (Sutherland and Griffin, 
1983). In a high salt solution, poly(dG-dC) shows a 
decrease in absorbance at 260 nm and an increase at 295 nm 
compared to the low salt spectrum (Pohl et al., 1972). The 
characteristic red shift in UV spectra of DNA is also used 
for the detection of Z-DNA. 
Raman spectra measure different types of vibrations 
of the components of macromolecules including band 
stretching and bending. Some of these vibrations are 
sensitive to conformational change. Poly(dG-dC) has 
significant differences in its Raman spectrum in high 
(4.0 M) and low (0.1 M) NaCl solutions (Pohl et al., 1973). 
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The high salt form show a spectrum identical to that 
produced by the crystal (Thamann at al., 1981). Ridoux at 
al. (1987) have studied the B- and Z-form of 
poly(dA-dC).poly(dG-dT). The Raman spectrum of the Z-form 
of this polymer has been characterized by the following 
marker lines: 
1) a line at 622 cm corresponding to purines in a syn 
conformation. The guanine line in B-form is located 
at 682 cm 
2) a phosphodiester chain vibrations shifts from 790 and 
832 cm"""" to 742 and 810 cm"""". 
3) a new intense line of guanosine at 1314 cm 
4) a shift of the adenosine lines from 1432 cm" and 
1374 cm to 1328 cm and 1354 cm 
Therefore, all these features can be used to 
characterize left handed Z-DNA in sequences containing all 
the four A, T, C and G bases. Several unique Raman bands 
has also been observed for poly(dG-m dC) which adopts 
Z-conformation readily. The 682 cm guanine mode and 
835 cm backbone mode are present in the B-conf ormation 
while the intensities of these two bands decrease 
substantially and new peaks emerge at 621 cm , 805 cm and 
819 cm" for Z-form of poly(dG-m^dC). 
Nuclear magnetic resonance provides characteristic 
resonance peak for Z-DNA that strikingly differs from B-DNA. 
When guanosine is in syn conformation, the C8 proton of 
guanine is fairly close to the Cl' proton of the deoxyribose. 
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However/ when the guanine is in the anti conformation these 
two protons are farther apart. NOE spectra can thus be used 
to determine the distribution of syn and anti nucleosides. 
In case of poly(dG-dC)/ a strong NOE effect is found between 
the deoxyguanosine H8 and deoxyribose Hi' protons in the 
polymer in a 4.0 M salt solution but not in 0.1 M salt 
solution (Patel et al., 1981; Dhingra et al., 1983). With 
the help of NOE measurements/ a syn and anti conformations 
of guanine and cytosine is also determined in Z-form of 
methylated polymer. A two dimensional NMR studies has been 
carried out by Feigon et al. (1983) on the hexamer 
(m dC-dG)^ and was demonstrated that in a B;iZ equilibrium of 
DNA/ there is minor population of Z-conformation in 0.1 M 
NaCl. The dynamic properties of the B- and Z-form of 
poly[d(A-br^C).d(G-T)] was studied by H NMR (Mirau et al., 
1986). The proton exchange behaviour in the B- and 
Z-conformations of this polymer is quite different; 
conversion to the Z-form by addition of 4.5 M NaCl 
dramatically reduces the T. and G. imino protons exchange Ji. im im "^  ^ 
rates. P NMR detects differences in phosphate 
conformation between B- and Z-DNA (Chen et al., 1983; Feigon 
et al./ 1983). Instead of exhibiting one resonance peak, a 
splitting could be seen in high salt solution (Patel et al., 
1979). 
Nordheim et al. (1981) demonstrated that anti-ZDNA 
antibodies bind specifically to polytene chromosomes of 
Drosophila. The binding was restricted only to the 
interband regions as visualized by indirect 
immunofluorescence electronmicrography. In a similar study, 
Arndt-Jovin et al. (1983) reported the binding of anti-ZDNA 
antibodies mainly in the band regions of Drosophila and 
Chironomus chromosomes in which approximately 0.02 to 0.1 
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per cent of DNA was in the Z-form. It was then worked out 
that either pattern of binding of antibodies can be obtained 
depending on the fixation conditions used (Lancillotti 
et al./ 1985). A combined exposure to acetic acid and 
ethanol for a significant time yields a predominant stainin^, 
of bands/ whereas fixation with acetic acid alone or 
separate exposure to acetic acid and ethanol for short 
periods yields staining in interbands and some puffs as well 
as a few band regions (Stellar, 1986). To test for the 
presence of Z-DNA in unfixed chromatin, Lancillotti et al. 
(1987) exposed native Drosophila nuclei still active in 
transcription, to antibody, washed out unbound material and 
then fixed the nuclei. They found residual bound anti-ZDNA 
antibody compare to the control sample which was similarly 
treated with normal immunoglobulin. They concluded that the 
Z-DNA to which specific antibody bound was present in the 
nuclei before the fixation. 
Z-DNA has been probed using various chemical 
reagents. Diethyl pyrocarbonate shows hyperreactivity with 
N7 of syn conformation of purine residues in Z-DNA (Herr, 
1985; Johnston and Rich, 1985). DEPC footprinting have also 
been used for the detection of specific binding of 
antibodies to Z-DNA (Runkel and Nordheim, 1986). The B-Z 
junction is shown to become unpaired (Kohwi-Shigematsu 
et al., 1987) and reacts with specific single-stranded DNA 
modifying agents such as chloro- or bromoacetaldehyde. 
4,5'-8-Trimethylpsoralen (Me^-psoralen) intercalates into 
DNA and forms mono and diadduct in presence of UV light 
(360 nm). The photobinding to DNA particularly diadduct 
formation is greatly reduced when DNA assumes Z-conformation 
(Sinden and Kochel, 1987). However, Me,-photobinding is 
strongly enhanced at the B-Z junction (Kochel and Sinden, 
1989). 
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Z-DNA Binding Proteins 
Nucleosome core his tones H3, H4, H2a and H2b as well 
as protamine stabilize the Z-DNA form induced by Mn and 
prevent its reversion to B-DNA after removal of Mn or 
salt. In contrast/ histones Hi and H5 promote the 
transition from Z- to B-DNA (Rich et al., 1984). However, 
at low protein: DNA ratios/ both Hi and H5 bound more Z-DNA 
than B-DNA and the binding of Z-DNA is less sensitive to 
interference by an increase in ionic strength. The binding 
of H5 histone to Z-DNA is greater than Hi. Complexes of 
H1/H5 and Z-DNA show a reduction in the characteristic Z-DNA 
spectral features (Mura and Stellar/ 1984). 
The recA protein of E^ . coli (Weinstock et al., 1979) 
and other prokaryotes (Lovett and Roberts, 1985) or the 
eukaryotic counterpart, the reel protein of Ustilago (Kmiec 
and Holloman/ 1982) play important role in homologous 
genetic recombination rn vivo (Kobayashi and Ikeda, 1978). 
Ustilago reel protein shows a high affinity for Z-DNA. 
Investigations with this protein suggest that synaptic 
paranemic joints contain left handed Z-DNA segment (Kmiec et 
al., 1985). Moreover, plasmids containing supercoil-induced 
Z-DNA have been topologically linked by the combined action 
of reel and topoisomerase (Kmiec and Holloman, 1986). The 
recA protein shows two to 7-fold preferential binding to 
Z-DNA and this binding require ATP or its nonhydrolyzable 
analogue ATP ( S) while ADP inhibits binding. The 
Z-DNA-stimulated ATPase activity of recA differs from B-DNA 
stimulated activity since it is less sensitive to increasing 
pH (Blaho and Wells, 1987). Z-DNA-binding by recA protein 
follows the same pathways as for recA binding to B-DNA but 
that the nucleation step is faster on the Z-form helix 
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(Kim et al., 1989). A 74 KDa protein isolated from human 
leukemic T-lymphoblast cell line on Z-DNA column matrix show 
strand transferase activity and binds more strongly to Z-DNA 
than to B-DNA. This protein appears to promote ATP-dependent 
strand exchange between a duplex linear DNA substrate and a 
single strand homologue with catalytic qualities of enzyme 
and in the 5'->3' direction (Fishel et al., 1988). Thus, it 
seems that Z-DNA is actively involved in genetic 
recombination. 
Five major and several minor proteins from the nuclei 
of Drosophila were isolated using Z-DNA affinity 
chromatography. Many of the proteins had molecular weights 
above 70,000 with strict Z-DNA-binding capability without 
B-DNA recognition (Nordheim et al., 1982). These nuclear 
proteins also appear to have the ability to influence the 
B-Z equilibrium. Another protein of molecular weight 68,000 
preferentially binds Z-DNA. Unlike histones, this protein 
contains higher mole per cent of acidic aspartic acid 
(Kitayama et al., 1988). Yolk proteins purified from 
nematode, frog and chicken eggs show 40-50 fold preferential 
binding to Z-DNA than B-DNA (Krishna et al., 1988). However, 
these binding was strongly inhibited by phospholipids such 
as cardiolipin and phosphatidic acid. Serious questions has 
been raised about the biological relevance of Z-DNA binding 
proteins (Krishna et al., 1988) since lipovitallin 
cylindrical cavity can accomodate 40-50 molecules of lipid 
(Raag et al., 1988). On this ground, it was argued that 
high specificity for Z-DNA could arise from a fortuitos 
spatial arrangement of phosphate binding sites and 
hydrophobic groups that line the lipid-binding cavity. In an 
another study (Rohner et al., 1990), three different 
proteins (31, 33 and 58 KDa) which preferentially react with 
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brominated poly(dG-dC) in Z-form, do not descriminate 
between Z- and B-form of d(C-G)^ insert of a plasmid. 
Therefore, it is advised that brominated poly(dG-dC) is not 
a safe indicator of Z-DNA-binding activity of proteins. 
Krishna et al. (1991) have studied comparative binding of 
recA to brominated and unbrominated Z-DNA and sinyle 
stranded DNA. recA protein binds more avidly to Z-DNA than 
to single-stranded DNA in the absence of a nucleotide 
cofactor. However, this protein do not display identical 
reactivity to chemically unmodified Z-DNA insert in a 
plasmid DNA. These reports created doubts over the specific 
interaction of recA to Z-DNA in vivo. 
Antibodies to Z-DNA 
High degree of immunogenicity of Z-conformation of 
DNA analogues has provided an interesting opportunity for 
the workers to investigate the existance of Z-conformation 
in DNA of various sequences and sources. 
Poly(dG-dC).poly(dC-dC) when brominated in high salt to an 
extent of 20% C and 45% G, was stabilized as Z-DNA at: 
physiological conditions (Lafer et al., 1981). This polymer 
including poly(dG-dC) modified on N of guanosine witn 
chlorodiethylene triaminoplatinum (dien-Pt) (Malfoy and 
Leng, 1981), poly(dG -dC) in which phosphorothioate group is 
present instead of phosphate group, poly[d(G-x/y/z C)] in 
which the 5 position of cytosine is methylated, brominated 
or iodinated were found to be highly immunogenic (Zarling 
et al., 1984a). Interestingly, immunization with unmodified 
poly(dG-dC) complexed to MBSA also induces a small amount of 
antibody most of which are specific for the Z-conformation 
(Lafer et al., 1981). The choice of Z-DNA modification can 
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influence both the immunogenicity of the Z-DNA polymer and 
the specificity of the antibodies produced by it. The 
chemically brominated poly(dG-dC) produces the highest level 
of antibody while the enzymatically brominated polymer 
poly(dG-br dC) produces significantly less antibody (Zarling 
et al., 1984a). Besides experimentally induced anti-ZDNA 
antibodies, naturally occurring autoantibodies reactive to 
Z-DNA have been found in the sera of autoimmune mice (Lafer 
et al., 1981), SLE patients (Lafer et al., 1983), patients 
affected with Crohn's disease, polyradiculoneuritis, 
amylotrophic lateral sclerosis (Allinquant et al. , 1984) 
and rheumatoid arthritis (Sibley et al., 1984). 
The anti-Z DNA antibodies elicited against 
Z-conformation of poly(dG-dC) were highly specific for the 
antigen and did not react with other conformation of various 
polynucleotides. One of the interesting properties of 
polyclonal and monoclonal anti-ZDNA antibodies is that they 
combine with poly(dG-dC) in presence of high salt 
concentration (Lafer et al., 1981, 1983). These antibodies 
react with poly(dG-m dC) in 1.5 M NaCl which forms Z-DNA at 
this salt concentration (Nordheim et al., 1981). Some 
variation in specificity has been observed in both the 
polyclonal and monoclonal antibodies. For instance, 
monoclonal anti-ZDNA antibody elicited against brominated 
Z-DNA, recognizes different parts of Z-DNA (Moller et al., 
1982). Chemical footprinting using diethylpyrocarbonate has 
been utilized to study the binding specificity of anti-ZDNA 
antibodies. Two different monoclonal antibodies against 
Z-DNA, Z22 and Z44 are shown to generate specific and 
distinct footprint patterns when bound to the Z-helix 
because the regions of contact for these antibodies differ 
significantly (Runkel and Nordheim, 1986). In a more 
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advanced study interaction of Z22 and Z44 with the d{CG)2 
and d(CG)^ oligomers was worked out by means of NMR 
spectroscopy (Sanford and Stellar, 1990). This study shov;s 
that Z44 binding to the oligomers is inhibited by 
pyrimidine-5-methyl group whereas Z22 is unaffected by this 
modification. The position of pyrimidine is located on the 
convex surface of the Z-helix which corresponds to the major 
groove of a B-helix. This suggest that Z44 binds to the 
convex surface while Z22 binds to the determinant present on 
sugar-phosphate backbone. 
Phosphorothioate-containing analogue of poly(dG-dC) 
i.e. poly(dG -dC) assume left handed conformation and react 
with anti-ZDNA antibodies induced against Br-poly(dG-dC). 
However, polyCdG -dC) do not react with the antibodies 
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induced against poly(dG-dm C) or poly(dG-dbr C) (Zarling 
et al., 1984a; 1984b). It is suggested that Z-form of 
phosphorothioate analogue has some unique structural 
feature. Antibodies against Z-form of poly(dG-dC) recognize 
some common conformational epitopes present on both the 
polymer and the native calf thymus DNA (Hasan and Ali, 
1990). 
When poly{dG-dC) is incubated with anti-ZDNA 
antibodies at 53°C in 1.5 M NaCl, the antibody binding 
progressively increases over a period of several hours. 
However, this salt concentration is found to be insufficient 
for the induction of Z-conformation in poly(dG-dC) (Jovin 
et al., 1983). In an another study Malfoy and Leng (1981) 
observed that the binding of anti-ZDNA antibodies to 
poly(dG-dC) became apparent at concentrations of sodium 
perchlorate that was not effective to induce B- to 
Z-transition. The midpoint of B- to Z-transition could be 
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lowered from 2.25 M to 2.0 M NaCl in presence of anti-ZDNA 
antibodies. The presence of antibodies also reduce the 
degree of negative supercoiling required for the formation 
of Z-DNA in d(G-C) insert of circular plasmid DNA. The 
n '^ 
stabilization of Z-DNA in non-ZDNA forming conditions could 
be due to the cooperative binding of antibodies to the 
polymer (Lafer et al., 1986). Thus, some of the anti-ZDNA 
antibodies may drive the B- to Z-transition (Lafer et al./ 
1981). 
Suggested Biological Role of Z-DNA 
Right handed B- and left handed Z-conformation 
coexist in equilibrium in portions of plasmids in E. ccli 
and the equilibria are influenced by the length of the 
sequences that undergo the structural transitions and are 
perturbed by biological processes (Zacharias et al., 198£b). 
This observation was based on the fact that a target 
(recognition) site is not methylated by its specific 
methylase or cleaved by its specific restriction enzyme when 
the site is near (Singleton et al., 1983) or in (Zacharias 
et al., 1984; Vardimon and Rich, 1984) a left handed 
Z-helix. However, these enzymes do act on the same target 
sequences when they exist in the right handed B-structure 
(Wells, 1988). 
Mapping of Z-DNA sequences in deproteinated, 
negatively supercoiled SV40 DNA revealed three segments of 
eight base pairs of alternating purines and pyrimidines that 
represent three major sites having potentiality to form 
Z-DNA (Nordheim and Rich, 1983). Two of these segments are 
identical and are found within a 72 bp repeated segment and 
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lie within the transcriptional enhancer element of the viral 
promotor (Khoury and Gruss, 1983). The introduction of 
transitions that maintain the alternation of purines and 
pyrimidines and the potential for forming Z-DNA, do not 
result in a significant impairment of viral activity. 
However, when transversions are introduced into both of the 
Z-DNA forming segments, the virus is inactivated (Rich 
et al., 1984). These observations show that Z-DNA plays 
important role, in vital regulation of gene. The potential 
Z-DNA forming sequences such as (CG)^- ^^ plasmids (Peck and 
Wang, 1985) or d(T-G) .d(C-A) of the rat prolactin gene 
(Naylor and Clark, 1990) inhibits gene transcription. On 
the other hand, in mouse cells, enhanced transcription of 
the bacterial chloramphenicol acetyltransferase gene is 
observed when it is cotransfected with poly(dG-m dC) or 
poly(dG-dC) which forms Z-DNA (Banerjee and Grunberger, 
1986). Thus, it is likely that specific Z-DNA forming 
sequences may play a negative as well as a positive control 
of gene transcription depending on their local genomic 
environment since the negative or positive twin supercoiling 
waves generated during transcription may be sufficient to 
drive structural transition (Tsao et al., 1989). Recent 
studies have demonstrated that indeed domains of negative 
supercoiling exist in vivo in E. coli and the short (G-C) 
— _ j^ 
tracts adopt the Z-DNA conformation when inserted upstream 
from a transcribed gene, whereas Z-DNA could not be detected 
when cloned down-stream of the gene (Rahmouni and Wells, 
1989). More recently, Jimenez-Ruiz et al. (1991) showed that 
in a subregion 4-75C of polytene chromosomes of Drosophila 
hyphae, a strong Z-DNA epitope is generated iri vivo when 
high transcription is induced during late third instar and 
after ^-hydroxyecdysterone administration and that 
nonhistone chromosomal proteins (NHCPs) accumulate in that 
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subregion when Z-DNA forms. Moreover, the Z-DNA forming 
sequence is located between two transcription units whose 
transcription is regulated during third instar. 
Haniford and Pulleyblank (1983a) have suggested 
that repeated d(T-G) sequences can serve as interacting 
sites for aligning homologous chromosomes. Z-DNA formation 
at these sites could then lead to helix unwinding that would 
precede the strand association required for recombination. 
High frequency of recombination in negatively supercoiled 
plasmids with Z-DNA forming sequence inserts has been 
observed (Klysik et al., 1982). Kmiec and Holloman (1984) 
provided evidence that Z-DNA in the paranemic joint formed 
by a circular single stranded molecule of DNA interacting 
with a partly homologous linear double stranded molecule 
under the influence of the reel protein of Ustilago. The 
duplication of IgG2a heavy chain constant region gene (Cy^ ) 
in the murine myeloma cell line MPC-11 occurred via unequal 
sister chromatid exchange contains a potential Z-DNA forming 
tract which has been strongly suggested to be important in 
homologous recombination (Weinreb et al., 1988). 
Z-DNA forming sequence (GC and CA/GT) in plasmids 
are subject to high rates of spontaneous deletions that 
reduce the length to a size no longer capable of adopting 
Z-DNA at natural superhelical density (Freund et al., 1989). 
All the deletions involve an even number of base pair. The 
deletion process of Z-DNA forming sequences may be affected 
by topology of DNA iji vivo. Lesions introduced in DNA by 
alkylating agents are repaired either by a alkyltransferase 
or by the sequential action of a DNA giycosylase and an 
apurinic/apyrimidinic endonuclease (Lindahl, 1982). The 
imidazole ring opened form of 7-methylguanine could not be 
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excised by the specific DNA glycosylase when this lesion is 
present in poly(dG-m dC) in Z-form (Lagravere et al., 1984). 
Mammalian and bacterial cells contain o -methylguanine-DNA 
methyl transferase which repairs the o -alkylguanine by 
transferring the alkyl group to one of its own cy stein 
residues, restoring the guanine in DNA in a single step 
(Lindahl, 1982). This enzyme does not repair promutagenic 
0 -methylguanine residues when present in Z-DNA in E^ . coli. 
Thus, Z-DNA conformation modulate the extent of DNA repair 
and as a result, plays an important role in determining the 
mutagenic potency of chemical carcinogen (Boiteux et al., 
1985). 
The DNA in eukaryotes is organized in domains that 
every 50-100 kb is attached to the scaffold protein of the 
nuclear matrix. There is roughly one 50 base pair or longer 
sequence of d(CA/GT) every 50-100 kb in eukaryotes. Since 
this sequence can form Z-DNA readily at physiological 
negative superhelical densities (Haniford and Pulleyblank, 
1983b), such conversion could play a role in domain 
activation (Nordheim and Rich, 1983) and could change the 
superhelical density of the entire domain. A change in 
superhelical density can act to regulate gene expression 
over a large region (Smith, 1981). The incorporation of a 
30 base pair segment of poly(dG-dC) within nucleosome in a 
plasmid was studied for the effect of Z-DNA on nucleosome 
placement (Garner and Felsenfeld, 1987). The observations 
indicated that DNA in the Z-form cannot be incorporated 
within core particles, except at their termini, and 
transition from the B- to Z-form iji vivo may result in a 
significantly altered local placement of nucleosome. 
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Left Handed Z-RNA 
Like poly{dG-dC) where B-Z transition occurs under 
various conditions (Rich et al., 1984), the corresponding 
polymer poly(rG-rC) forms Z-RNA but in this case A- to 
Z-transition is observed (Hall et al., 1984; Klump and 
Jovin, 1987). The A- to Z-transition is much less 
favourable than corresponding B-Z transition. Bromination 
of guanosine C8 stabilizes the Z-forms of RNA and DNA 
relative to the unbrominated Z-form, while bromination of 
cytidine at C5 stabilizes Z-DNA and destabilizes Z-RNA. The 
destabilizing effect of br C in Z-RNA is apparently due to 
an unfavourable interaction between the negatively charged C5 
bromine atom and the guanosine hydroxyl group (Ross et al., 
1989). Z-RNA shares with Z-DNA in having the left handed 
sense of the double helix and syn configuration about the 
purine glycosidic bond. However, some examples of difference 
between Z-RNA and Z-DNA could be given below. 
a. The guanosine imidazole ring breathing mode frequency 
which has been empirically correlated with the 
glycosidic torsion angle is at 625 cm in the Raman 
spectra of Z-DNAs and at 642 cm in the spectra of 
Z-RNAs (Hardin et al., 1987; Trulson et al., 1988). 
b. The CD spectra for poly(rC-rG) in 6 M NaClO. or 6 M 
NaBr buffers at 37°C (Z^^-RNA) are very different 
from the spectra of Z-DNA in the 280 nm region. In 
4.0 M MgCl- poly(rC-rG) has a Z-DNA-like (Z-RNA) CD 
-1 
spectrum in this region. The 642 cm Raman peak is 
present in the spectra of both Z - and Z_-RNA 
K D 
(Trulson et al., 1988). 
c. Differences in reactivity to chemical bromination 
suggest that the relative accessibilities of 
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guanosine C8 and cytidine C5 differ in the Z-forms of 
poly(rC-rG) (Davis et al., 1986) and poly(dC-dG) 
(Rich et al., 1984). 
d. Immunochemical studies show that anti-ZDNA antibodies 
specifically cross-react with partially brominated 
poly(rG-rC) (Hardin et al., 1987) and that anti-ZRNA 
antibodies specifically recognize the Z-form of 
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poly(dG-dC), poly(dG-m dC) and poly(dG-br dC) and 
partially brominated poly(dG-dC) (Hardin et al., 
1988). 
e. Specific ribonuclease sensitive cytoplasmic 
immunofluorescence patterns are obtained in fixed 
protozoan and mammalian cells with anti-ZRNA lyGs 
that do not cross-react with Z-DNA suggesting the 
possible occurrance of Z-RNA _iri vivo (Zarling et al., 
1987). In contrast, anti-ZDNA antibodies are 
primarily reactive with nuclear antigens. 
The two hexamers [d(CG)r(CG)d(CG)] and 
[d(CG)(araC)d(GCG)] containing ribose and arabinose 
residues, have been crystallized in moderate cation 
concentrations as canonical left handed Z-DNA (Teng et al., 
1989). The 2' hydroxyl groups of both rC and araC residues 
form intramolecular hydrogen bonds with N2 of the 5' guanine 
residue and replace the bridging water molecules in the deep 
groove of Z-DNA which stabilize the guanine in the syn 
conformation. The araC residue can be incorporated into the 
Z-structure readily and facilitates B- to Z-transition. In 
contrast, in Z-RNA, the ribose of the cytidine residue is 
twisted in order to form respective hydrogen bond. 
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Antigenic Structure of DNA 
Comparison of serological reactions of closely 
related structures has helped to define the sites of 
interaction on nucleic acid components with the antibodies. 
Base specific antibodies have been detected in human SLE 
(Weisbart et al., 1983) as well as in autoimmune mice (Munns 
et al./ 1984a) in which anti-G and/or anti-C antibody 
activity were prominent while considerably lesser activity 
of anti-/ -U, and -T antibodies were also detected. These 
antibodies recognize the N-1, C-6/ 0-6 and N-7 atoms in 
guanine and C-4 and N-4 atoms in cytosine as major 
structural determinants (Munns et al./ 1984b). These 
regions of the base was also found to be important for a 
monoclonal antiguanylate antibody (Stollar et al., 1986). A 
similar analysis suggest that N-1 and 0-6 of guanine and 
hypoxanthine, N-3 and 0-4 of thymine interacts with amino 
acids of the antibodies combining sites (Zouali and Stollar, 
1986a). Some interaction of the proton on C-8 of guanine 
with the monoclonal anti-GMP antibody was also measured 
directly by NMR spectroscopy (Stollar et al., 1986). 
Modifications at the C-5 of cytosine, the N-7 or the 2-amino 
group of the central guanine in a target or of the central 
phosphate of the backbone cause a significant decrease in 
the binding of antibody. It is speculated that the antibody 
binding site straddles on backbone of the DNA helix, and 
makes contact with the N7 of G in a specific sequence in the 
major groove, with a proportion of the phosphate backbone 
and with 2-amino group of one guanine in the minor groove 
(Stollar et al., 1986). The methyl group of thymine or of 
5-methylcytosine may prevent the contact of antibody with 
the N-7 of guanine in the major groove and thereby make the 
binding very sensitive to the sequence of DNA (Stollar, 
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1989). Antibodies raised against dpA show high degree of 
specificity for the whole structure of the nucleotide. The 
immunodominance of 2 and 6 positions of adenine moiety of 
dpA is evident when compared with other nucleotides 
(Jacob and Srikumar, 1985). Even a minor change in the 
haptenic structure is percieved by these antibodies. For 
example/ anti-dpC antibodies (Reddy and Jacob, 1981) showed 
1400 fold more affinity to pdC compare to pC and can thus 
distinguish between RNA and DNA. Some of the anti-DNA 
antibodies are shown to recognize DNA conformation (Lafer 
et al., 1981; Stollar, 1986) or the sugar phosphate backbone 
(Koffler et al., 1971; Stollar, 1981; Hahn, 1982). 
Antibodies elicited against UV irradiated DNA 
specifically recognize the pyrimidine dimers and also the 
altered conformation associated with these lesions (Wakizaka 
and Okuhara, 1979). One monoclonal antibody raised against 
UV-ssDNA recognizes thymidine dimers in a polynucleotide 
fragment larger than tetranucleotide, but not isolated 
thymine dimers. These observations suggest that the 
adjacent sequences are also important for antibody binding 
to DNA (Strickland and Boyle, 1981). 
An additional feature of antigen structure that 
influence antibody activity is the size of DNA. A single 
antibody combining site is large enough to encompass both 
backbones of nDNA over an extent of two or three base pairs 
and upto five or six nucleotides long in case of ssDNA 
(Stollar, 1975; 1981). However, the binding of 40-50 base 
pair length is much more effective as compared to 20-25 base 
pair for antibody binding. For stable bivalent binding to 
DNA, both of the paratopes of one antibody extends over 
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136 A along the helix which corresponds to 42 base pair 
(Papalian et al., 1980). The effective length of DNA may 
vary for some antibodies. For example, two monoclonal 
anti-DNA antibodies derived from MRL-lg^r/lpr mice exhibited 
discontinuous binding pattern over the DNA fragments of 
varying length (Ali et al., 1985). 
EXPERIMENTAL 
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A. MATERIALS 
1. Chemicals 
Calf thymus DNA, nuclease Si (Aspergillus oryzae), 
bovine pancreatic DNase I, poly-L-lysine, poly-D-glutamate, 
Coomassie Brilliant Blue R, bovine serum albumin, 
anti-IgG-alkaline phosphatase conjugate, ethidium bromide, 
diethyl pyrocarbonate, Freund's complete and incomplete 
adjuvant, methylated bovine serum albumin. Lambda DNA EcoRI, 
Hind III digest, polydeoxyribonucleotides, standard protein 
markers were purchased from Sigma Chemical Company, USA. 
Poly(dG-dC).poly(dG-dC), poly(dG).poly(dC), poly(rG).poly(dC), 
DEAE Sephacel, DEAE Sephadex A-50, Sepharose 43, Agarose NA, 
Ficoll 400 were obtained from Pharmacia Fine Chemicals, 
Sweden. p-Nitrophenyl phosphate and Folin-Ciocalteu reagent 
were purchased from CSIR Centre for Biochemicals, New Delhi. 
The other chemicals were of analytical grade. The source of 
other materials and chemicals are given below in the 
parenthesis. 
Polystyrene microtiter flat bottom ELISA plate, 9: 
wells, 7 mm in diameter (Dynatech, USA), acetonitril. 
(E. Merk, India), bromophenol blue and liquid bromir. . 
(B.D.H., India), Tween-20, acrylamide, N,N'-methylene-
bisacrylamide, ammonium per sulphate N,N,N',N'-tetramethyl-
ethylenediamine (all from Bio-Rad Laboratories, USA;. 
cyanogen bromide and agarose (SRL, India), sodium azice 
(Ferak-Berlin, Germany) and sucrose (Glaxo, India). 
2. Equipment 
Fraction collector FRAC-100 (Pharmacia, Sweden), 
Bausch and Lomb Spectronic 20, Shimadzu spectrophotometer 
UV-240 equipped with thermoprogrammer and controller unit. 
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Shimadzu spectrofluorophotometer RF-540, ELISA Microplate 
Reader MR600 (Dynatech, USA), Jasco J-500A spectropolarimeter, 
ELICO pH meter and ELICO conductivity bridge (India) were 
the major instruments used during these studies. 
B. METHODS 
1. Determination of DNA Concentration 
DNA concen t r a t i on was de te rmined by the method of 
Burton (1956) . 
a) Crystallization of diphenylamine 
Diphenylamine (2 g) was dissolved in 200 ml boilini-t 
hexane. Approximately 0.5 g of activated animal charcoal 
was added. After filtering hot-mixture through Whatmann 
No. 1 filter paper, the filtrate was kept overnight at 4°C. 
The recrystallized material was filtered and dried at room 
temperature. 
b) Preparation of diphenylamine reagent 
Recrystallized diphenylamine (750 mg) was dissolved 
in 50 ml glacial acetic acid containing 0.75 ml concentrated 
sulphuric acid. 
c) Procedure 
One ml of 1 N perchloric acid was added to 1 ml of 
DNA sample. The tubes were incubated in a thermostat 
water-bath at 70°C. Hundred ul of 54.3 mM acetaldehyde was 
added followed by 2 ml of freshly prepared diphenylamine 
reagent. The contents were mixed and tubes were kept at room 
temperature for 16-20 hours. Absorbance was read at 600 nm. 
The concentration of DNA in unknown samples was determined 
using calf thymus DNA as standard (Fig. 1). 
35 
2. Estimation of Protein 
Protein was estimated colorimetrically by the method 
of Lowry et al. (1951). 
a) Folin-Ciocalteu reagent 
The reagent was purchased from CSIR Centre for 
Biochemicals, New Delhi (India) and diluted with distilled 
water in the ratio of 1:4 before use. 
b) Alkaline copper reagent 
The component of alkaline copper reagent was prepared 
as follows: 
(i) 2 per cent sodium carbonate in 0.1 N NaOH 
(ii) 0.5 per cent copper sulfate in 1.0 per cent sodium 
potassium tartrate. 
One ml of (ii) was mixed with 50 ml of (i). The 
reagent was prepared fresh before use. 
c) Procedure 
One ml of protein sample was mixed with 5 ml of 
alkaline copper reagent and kept at room temperature for 10 
minutes. Working Folin-Ciocalteu reagent (1 ml) was added 
to the tubes, mixed and left for 30 minutes at room 
temperature. The absorbance was recorded at 660 nm. The 
concentration of protein in sample was evaluated from a 
standard plot constructed with different concentration of 
bovine serum albumin (Fig. 1). 
3. Modification of DNA 
(a) Cleaning of DNA 
Calf thymus DNA obtained commercially was purified 
further as described by Ali et al. (1985). The DNA (2 my/al 
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in 0.1 SSC buffer, pH 7.3) was mixed with equal volume of 
chloroform: isoamyl alcohol (24:1) in a stoppered cylinder 
with gentle mixing for 1 hr. The DNA in aqueous layer was 
precipited with two volumes of cold 95% ethanol at -20°C and 
thereafter collected on a glass rod. The process was 
repeated once and DNA was dissolved in 30 mM acetate buffer, 
pH 5.0 containing 30 mM ZnCl- and treated with nuclease Si 
(250 units/mg DNA) for 30 min at 37°C. One-tenth volume of 
0.2 M EDTA, pH 8.0 was added to stop the reaction. The 
extraction procedure was repeated once and final preparation 
of DNA was dissolved in required buffer. 
(b) Isolation of DNA fragments 
Purified DNA (2 mg/ml in 0.1 M Tris-HCl, pH 7.0, 
10 mM MgCl^) was digested with bovine pancreatic DNase I 
(10 ;ig/mg DNA) for 5 minutes at 37 °C. The reaction was 
stopped by the addition of 1/10 volume of 0.1 N NaOH 
containing 10 mM EDTA. The sample was extracted as before, 
dissolved in TBS (10 mM Tris, pH 8.0, 150 mM NaCl) and 
passed through a 1.5 cm x 40 cm column of Sepharose 4B 
previously equilibrated with TBS. Fractions of 3 ml at 
20 ml/hr were collected and monitored at 260 nm. The size 
of DNA fragments was analyzed by gel electrophoresis. 
(c) Salt and solvent dependent modification of DNA: 
spectrophotometric measurements 
Cleaned DNA (nDNA) was dissolved in PBS (0.01 M 
phosphate buffer, pH 7.4, 150 mM NaCl) at a concentration of 
2 mg/ml. Varying amount of ethanol solution (0-50%, v/v) in 
high purity water to a final volume of 3.0 ml was prepared. 
Samples were prepared in duplicate and to one set of ethanol 
solutions, 37.5 ;jl of stock DNA was added dropwise with 
constant slow mixing. To another set same amount of PBS was 
added and the tubes served as corresponding control. DNA 
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prepared in this way gave clear solution. DNA solution in 
varying amount of NaCl was prepared similarly. After 
30-60 min equilibration at room temperature, absorbance at 
260 nm and 295 nm were recorded with reference to the 
corresponding control containing same amount of NaCl or 
ethanol. The absorbance ratio 'a' (A260/A295) and its 
inverse ratio '"a' were calculated and j ^ value was evaluated 
as follows: 
% = [(a-aV(aQ-i^)] - 0.9 
= y^. - 0.9 
where a and a are absorbance ratio and its inverse ratio 
o o 
for B-DNA and measured as in case of a and a. The 
difference in absorbance ratios is expressed as^ and ^ for 
B-DNA and DNA in various salt/solvent concentrations 
respectively. (z.f is the relative t ratio. 
The effect of ethanol and NaCl on DNA were expressed 
in terms of 2 values. Nucleic acid solutions in 0.15 M and 
4.0 M or 4.27 M NaCl (25% w/v) were referred to low salt and 
high salt respectively. Double stranded poly(dG-dC) in low 
salt and high salt was used as standard marker of B- and 
Z-DNA respectively. 
(d) Modification of DNA with diethyl pyrocarbonate 
DEPC was used as supplied. Native DNA in low and 
high salt, and in 50% ethanol was modified with DEPC (Herr, 
1985). A total volume of 8.0 ml contained 1.0 mg DNA and 
the final concentration of modifier was (27% v/v). The 
mixture was incubated at room temperature for 30 min and the 
reaction was stopped by the precipitation of DNA with 
ethanol. Melting temperature was recorded with aliquot of 
DEPC-treated DNA whereas another portion was dissolved and 
dialyzed in nuclease Si buffer (30 mM each of sodium acetate 
39 
and zinc chloride, pH 5.0). DEPC treated DNA was digested 
with nuclease Si (50 units/200 >ig DNA) for 30 min at 37°C 
and in a final volume of 1.6 ml. The reaction was stopped by 
adding one-tenth volume of 0.2 M EDTA, pH 8.0. The digested 
samples were dialyzed against 0.1 SSC (15 mM sodium citrate, 
pH 7.3, 150 mM Nacl), precipitated with ethanol, dissolved 
in electrophoretic buffer and subjected to native PAGE. 
(e) Bromination of nucleic acid polymers 
Nucleic acids were brominated under high and low sale 
conditions as described by Lafer et al. (1981). Bromine 
saturated water was prepared by mixing 0.55 ml of liquid 
bromine (B.D.H., India) in 49.45 ml of high purity distilled 
water. Poly(dG-dC).poly(dG-dC) and nDNA were treated for 1 
hr with 4.0 M and 4.27 M NaCl (effective concentration for 
B- to Z-DNA transition) respectively in citrate buffer 
(20 mM sodium citrate, pH 7.2, 1 mm EDTA), and at a final 
concentration of 100 ug/ml. These polymers were similarly 
equilibrated in PBS (as low salt sample) at room 
temperature. The bromine-water (7 ;al/ml DNA sample) was 
added to the DNA solution and kept in dark for 30 min at 
room temperature. After bromination the samples were 
exhaustively dialysed against TBS or PBS buffer as required. 
Native DNA brominated in high and low salt solutions were 
designated as Br4 and BrN respectively. Total buffalo RNA 
(Kumar et al., 1983) was brominated similarly in high and 
low salt. 
All nucleic acid polymers were brought in TBS, pH 7.4 
prior to absorption measurements. Absorbance of nDNA or 
brominated DNA was recorded at 260 nm, 295 nm and 296 nm 
against TBS buffer. Average of absorption at 294 nm and 
296 nm divided by the absorbance at 260 nm was termed as 
"absorbance ratio". The ratio obtained for high salt-form 
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of brominated poly(dG-dC) was compared with the absorbance 
ratio obtained for other nucleic acids. The spectra of 
brominated nDNA (Br-nDNA) was recorded usincj respective 
buffer as control and compared with the spectra of same 
concentration of unbrominated DNA. While recording UV 
difference spectra of Br-nDNA, same concentration of nDNA 
served as control. Spectra of modified poly(dG-dC) and RNA 
were obtained similarly. 
(f) Quantitation of brominated bases 
The separation and quantification of brominated bases 
in nucleic acid polymer was carried out accordiny to Hasan 
and Ali (1990). To 3 ml brominated RNA (78 py/ml TBS), 
6.0 ml perchloric acid (60%) was added and treated at 100°C 
for 1 hr to release the bases. After the solution was 
neutralized, it was passed through DEAE Sephadex A-5G column 
and eluted with 0.02 M Tris-HCl, pH 7.6 at a flow rate of 40 
ml per hr. A total of 150 fractions (fraction size 2.5 ml) 
were collected and monitored at 260 nm. The bases were 
identified on the basis of characteristic UV absorption as 
described by Hasan and Ali (1990). 
(g) Determination of melting of DNA 
All the DNA polymers were brought to PBS pH 7.4 or 
stated otherwise prior to thermal denaturation studies. The 
polymer was heated against the same buffer at a rate of 1°C 
per min initiating from 30°C to 95°C. The absorbance was 
recorded at 260 nm and the per cent denaturation was 
calculated with increase in temperature as follows: 
% denaturation = ^T " ^30 ^ 100 
\iax-A30 
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where, Am = Absorbance at a temperature T°C 
^max ~ Final maximum absorbance on the completion 
of denaturation 
A3Q = Initial absorbance at 30°C 
(h) Calculation of free energy change of thermally denatured 
DNA 
DNA was melted as described above and apparent 
equilibrium constant was calculated from the absorbance 
measurement at different temperature with the following 
formulae (Shah, 1988): 
^app 
AT - A30 
^aax - ^T 
At each temperature the change in free energy was 
evaluated and plotted against temperature. 
AG5 = -RT m K^pp 
where, T = absolute temperature and 
R = gas constant (8.314 J.Mol"-*- K~"^ ) 
4. Binding of Ethidium to DNA 
(a) Fluorometric assay 
Native DNA at a concentration of 25 ;ag/ml was 
titrated with 0 to 60 ;aM Etd in 0.15 M and 4.27 M NaCl 
containing 0.01 M phosphate buffer, pH 7.4 for 30 min at 
room temperature in the dark. The DNA sample was similarly 
treated with Etd in 50% ethanol. Prior to addition of the 
drug, DNA was equilibrated in salt or solvent for 1 hr at 
room temperature. Fluorescence intensities (I) for Etd-DNA 
complex in salt solutions i Xex ^ -^ ^^  '^ '^ '-Aem ^ ^^° ""^ ^ ^"^ 
for 50% ethanol sanples (y\gjj = 304 nm, /\gj^  = 603 nm) were recorded 
with respect to free Etd (I ) of the same concentration. The 
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fluorescence enhancement (I-IQ) was plotted against Etd/DNA 
ratio for 0.15 M and 4.27 M NaCl as well as 50% ethanol 
containing samples. 
(b) Spectrophotometric analysis 
Scatchard plot of the degree of ethidium bound to DNA 
was obtained spectrophotometrically. Native DNA (0 to 
90 uM bP ^^as treated with 0.15 M and 4.27 M NaCl for 1 hr 
and then with 30 ;JM ethidium in a final volume of 3 ml and 
were equilibrated for 30 min at room temperature in the 
dark. The absorbance were recorded at 480 nm using 
respective concentration of NaCl as control. The fraction of 
the total drug bound to DNA («C) was calculated (Peacocke and 
Skerette/ 1956) as follows: 
D, - D 
^1 - ^2 
where, D = absorbance of Etd-DNA complex 
D-, = absorbance of pure Etd solution 
D-, = absorbance of total Etd bound to DNA 
Concentration of unbound Etd (C^) 
C^ = T^ (1 - oC) 
where/ T^ is the total [Etd] added in each solution. 
The number of moles of Etd bound to per mole of DNA, 
r (Cfc/DNA) was calculated and r/C^ Vs r was plotted. 
UV difference spectra were recorded for the 
interaction of Etd to DNA in low salt and ethanol. Etd 
treated with ethanol was used as sample solution while PBS 
treated Etd of same concentration served as control solution 
in UV difference spectroscopy. Equal amount of DNA was 
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added in both of the control and the sample solutions and 
the difference spectra were recorded similarly after 1 hr of 
addition of DNA. 
5. Interaction of nDNA to Poly-L-Lysine 
(a) Spectral analysis for poly-L-lysine-DNA interaction 
To nDNA samples (25 ^g/ml), varyiny amount 
(0-20 pg/ml) of poly-L-lysine (average molecular weight 
1,94,000) was added in a total volume of 3.0 ml in PBS, pH 
7.4. Control samples were prepared similarly but were 
devoid of nDNA. After 20-30 min of mixing the constituents 
of the samples, spectra were recorded using respective 
poly-L-lysine concentration as control. UV difference 
spectra of DNA-poly-L-lysine complex were recorded using 
nDNA in PBS (25 jug/ml) in place of control. 
The effect of deprotonation of £-NH„ group on 
DNA-lysine interaction was studied at a pH considerably 
greater than pK^, of lysine. All the poly-L-lysine-DNA 
samples were prepared as stated above but in 0.1 M 
carbonate/bicarbonate buffer, pH 10.7, and UV spectra were 
recorded similarly. 
(b) Quantitative estimation of poly-L-lysine and DNA in 
poly-L-lysine-DNA complex 
The DNA-poly-L-lysine complex prepared in PBS, pH 7.4 
were kept at 4°C for 12 hr and centrifuged at 10,000 rpm for 
20 min. The supernatant was taken for poly-L-lysine and DNA 
estimation. DNA in the supernatant was estimated at 260 nm 
using 1 A-^-Q unit equivalent to 50 ;ig/ml. The extent of 
poly-L-lysine depleted due to precipitation with DNA was 
quantified by the treatment of supernatant with 
trinitrobenzene sulfonic acid (TNBS) as described by Habeeb 
(1966). 
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To 1.0 ml of poly-L-lysine sample, same volume of 
each of 4% (w/v) NaHCO^/ pH 8.5 and TNBS (1 mg/ml in v/ater) 
were added and incubated at 40°C for 2 hr. One ml of 10% 
(w/v) SDS (sodium dodecyl sulfate) solution was added to 
prevent the precipitation of the polypeptide on addition of 
0.5 ml of 1.0 N HCl. The color intensity was recorded at 
335 nm against a blank treated as above except that it 
contained 1.0 ml of water instead of polylysine. The extent 
of polypeptide bound was calculated from standard plot 
(Fig. 2). 
6. Immunization Schedule 
(a) J^ntibodies against normal human IgG 
Purified IgG (0.5 ml of 100 pg/ml in PBS, pH 7.4) was 
mixed with equal volume of Freund's complete adjuvant and 
the suspension was injected intramuscularly into the hind 
limb of rabbit (6-8 months old, weighing 600-800 gm). The 
'rabbit was previously bled by cardiac puncture for preimmune 
serum (Ali and Ali, 1983). Subsequent injections were given 
weekly for three weeks with the same amount of antigen but 
suspended in Freund's incomplete adjuvant. Last injection 
was given on fourth week with 100 ;ag of antigen. Anti-IyG 
antibody activity was evaluated in the immune serum 
collected after one week of the last injection. 
(b) Antibodies against brominated DNA 
Rabbits were immunized with brominated DNA as 
described by Hasan and Ali (1990) with minor chances in the 
protocol. Each rabbit received 50 pg of the antigen in the 
first and second week and 100 iig in the third week in a 
total volume of 1.5 ml. The DNA sample was mixed with MESA 
(1:2 W/W) and emulsified with equal volume of Freund's 
complete adjuvant for first injection and with incomplete 
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adjuvant for subsequent injections. The rabbits vi^ ere bled hy 
cardiac puncture on the fourth week and checked for 
anti-brominated DNA antibodies. Both the Br4 and BrN DKAs 
were used as antigen for immunization. Preimmune sera were 
collected before immunization of the animals. 
(c) Collection of sera 
Normal human sera were collected from healthy 
subjects. Sera of patients with systemic lupus erythematosus 
(SLE) were collected from the patients admitted to the 
Medical College Hospital of A.M.U. The patients with SLE 
had features meeting with the revised criteria for the 
classification of SLE of American Rheumatism Association 
(Tan et al., 1982). SLE negative and positive control were 
obtained from Sigma. Specific monoclonal anti-ZDNA antibody 
Z22 (IgG) was a generous gift from Dr. B. D. Stellar (USA). 
7. Purification and Isolation of IgG 
(a) Preparation of crude immunoglobulins 
All serum samples were decomplemented at 56°C for 30 
minutes. Saturated ammonium sulfate sollution (3.5 ml) was 
slowly added with gentle shaking to 6.5 ml of serum sample 
in cold. After 30 min at 4°C the precipitated 
immunoglobulins were centrifuged at 10,000 rpm for 15 min. 
The sample was dissolved and dialyzed in 10 ml^l phosphate 
buffer, pH 8.0. 
(b) DEAE Sephacel chromatography 
Dialysed crude immunoglobulins were loaded onto a 
DEAE cellulose column (1.5 cm x 25 cm) previously 
equilibrated in 10 mM phosphate buffer, pH 8.0. The unbound 
proteins were washed off with the equilibration buffer. The 
bound proteins were eluted with linear ionic strent^th 
gradient of 10-300 mM phosphate buffer, pH 8.0. Fractions 
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of 3.0 ml at a flow rate of 20 ml/hr were collected which 
were monitored at 280 nm. The first peak of the chromatogram 
(Fig. 3) was pooled as IgG and its homogeniety was checked 
by polyacrylamide gel electrophoresis. A single band was 
observed on electrophoresis of the pooled IgG sample (Fig. 3 
inset). 
8. Immunoaffinity Purification of Antibodies 
(a) CNBr activation of Sepharose 4B 
15 ml of supplied Sepharose 4B was suspended in 
distilled water/ filtered and washed with 300 ml of 
distilled water on a sintered glass funnel (porosity G-2). 
Moist gel (10 g) in 10 ml of 2.0 M sodium carbonate was kept 
on an ice-NaCl bath placed on magnetic stirrer. One g CNBr 
in 0.8 ml acetonitrile was slowly added to the gel wit;. 
gentle stirring. The reaction was allowed for 12 min, 
filtered on sintered glass funnel, washed with 400 ml of 
cold 0.1 M sodium bicarbonate and resuspended in 10 ml of 
the same buffer. The unreacted CNBr (drained effluent) was 
reacted with ferrous sulphate to convert it into harmless 
ferrocyanide. All the steps were carried out in a fume-hood 
chamber (Ali, 1984). 
(b) Coupling of poly-L-Lysine to activated Sepharose 4B 
The method described by Wilchek (1973) was follov/ed. 
Immediately after CNBr activation of the gel, equal volume 
of poly-L-lysine (100 mg in 10 ml of 0.1 M sodium 
bicarbonate) was added to the activated gel and kept at 4°C 
for 12 hr v/ith slow stirring. The buffer was drained out 
and the gel was washed successively with 100 ml each of cold 
(i) distilled water (ii) 0.1 N HCl (iii) 0.1 M sodium 
bicarbonate and (iv) distilled water till neutral. The gel 
v/as resuspended in 40 ml acetate buffer (0.15 M, pH 4.5). 
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(c) Affinity isolation of anti-DNA antibodies 
DNA-[polylysyl-Sepharose 4B] was essentially prepared 
as described by Nicotra et al. (1982) with minor 
modifioation. Previously prepared 20 ml polylysyl-Sepharose 
4B (approx. 5 g) was packed and equilibrated with 25 ml 
acetate buffer in a minicolumn (V = 6 ml). Purified DNA 
(12.5 ml of 100 pg/ml) in acetate buffer was loaded onto 
the gel and unbound material was washed with PBS. 
Decomplemented serum (dialysed against and diluted to 1:10 
in PBS, 5 ml/2 ml of gel) was passed through the column and 
washed to remove unbound material with 40 ml of PBS. The 
bound protein was eluted with linear ionic strength gradient 
of 0.15-3.0 M NaCl in 10 mM phosphate buffer, pH 7.4. 
Fractions were monitored at 260 nm and 280 nm as well as 
colorimetric estimation for protein and DNA was done. 
Conductance was measured in each fraction to find out the 
ionic strength of the solution. For this purpose 0.2 ml of 
each fraction was mixed with 19.8 ml of distilled water. 
The standard samples of various ionic strength (0.1-0.3 M 
NaCl containing 0.01 M P^) was prepared similarly. The 
concentration of sodium chloride in fractions was evaluated 
from standard plot (Fig. 4). 
(d) Regeneration of the affinity column 
The same column was regenerated several times by 
washing successively v/ith 50 ml each of the followinys: 
(i) distilled water (ii) 0.1 N HCl (iii) 0.1 M sodium 
bicarbonate (iv) distilled water till neutral. 
9. Gel Electrophoresis 
(a) Purification of supplied materials 
The commercially available acrylamide was purified by 
dissolving 70 g in 1 liter of chloroform at 50°C. The 
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solution while hot was filtered and stored overnight at 
-20°C. The crystals were collected by filtering, washed 
with cold chloroform and dried at room temperature. 
Bisacrylamide was recrystallized by dissolving 10 g 
in one liter of acetone at 50°C. After filtering while hot, 
the crystals were collected by cooling to -20°C. 
(b) Polyacrylamide slab gel electrophoresis for proteins 
Non-denaturing polyacrylamide slab gel electrophoresis 
was performed according to Laemmli (1970). The following 
solutions were prepared: 
(i) Stacking gel buffer : 0.5 M Tris-HCl, pH 6.8 
(ii) Resolving gel buffer : 3.0 M Tris-HCl, pH 8.8 
(iii) Reservoir buffer : 0.025 M Tris, 
0.192 M glycine, 
pH 8.3 
(iv) Acrylamide-bisacrylamide : (30:0.8) 
30 g of acrylamide' and 0.8 g bisacrylamide was 
dissolved in distilled water (in a total volume of 100 ml). 
The solution was filtered and stored at 4°C in an amber 
coloured bottle. 
(c) PAGE procedure 
The glass plates (19 cm x 16 cm) were thoroughly 
washed with chromic acid, rinsed with distilled water and 
acetone, dried and sealed with 1% agarose. 7.5% gel was 
prepared as given below (values are in ml). 
Solutions 
Acrylamide-bisacrylamide 
Stacking gel buffer 
Resolving gel buffer 
Distilled water 
1.5% Ammonium persulphate 
TEMED 
Stacking 
2.50 
5.0 
-
11.30 
1.0 
0.015 
ge 1 Resolvinq gel 
11.25 
-
9.50 
21.50 
2.75 
0.025 
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VJhen polymerization of the gel was complete, the 
protein sample (25-50 ;ag) containing 10% sucrose and 0.002% 
bromophenol blue was applied and electrophoresed for 6-8 hr 
at 10 V/cm. The gel was stained overnight in 0.1% Coomassie 
Blue R in water: methanol: glacial acetic acid (5:5:2). 
Destaining was carried out in a mixture of 30% methanol 
containing 10% glacial acetic acid. 
(d) Slab gel electrophoresis for native DNA 
The procedure described by Sealey and Southern (1985) 
was followed for the electrophoresis of nDNA. The following 
buffers were used for this purpose, 
(i) 40% acrylamide in distilled water 
(ii) 2% Bisacrylamide in distilled water 
(iii) Gel buffer: 0.9 M Tris-borate pH 8.3, 25 mM EDTA 
(iv) Reservoir buffer: 90 mM Tris-borate pH 8.3, 2.5 mM 
EDTA 
The recipes for varying gel percentage was prepared 
as stated above. The DNA sample was mixed with 1/10 of stock 
dye (30% Ficoll, 0.025% Xylene Cyanol FF in gel buffer). 
After 6-8 hr electrophoresis, at 70 volt the gel was stained 
with ethidium bromide (1 >ig/ml) and DNA bands were 
visualized with UV lamp. 
(e) Agarose gel electrophoresis 
Agarose gel was prepared after dissolving agarose NA 
in electrophoresis buffer (40 mM Tris-acetate, pH 8.0, 
2.0 mM EDTA) in boiling water bath. The gel was cast on gel 
tray and allowed to -harden for 1 hr. The samples were loaded 
in the wells of the submerge gel (0.4 cm thick) and 
electrophoresed for 2-4 hr at 30 mA in the same buffer. 
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10. Detection and Quantitation of Antibodies 
(a) Immunodiffusion 
The method described by Tan et al. (1966) for the 
precipitin reaction by Ouchterlony double diffusion was 
carried out using glass petri dishes (5 cm x 1.5 cm). Six 
ml of molten filtered, agarose (0.4%) in PBS (10 mil posphate 
buffer, pH 7.4, 150 mM NaCl) containing 0.02 per cer.t sodium 
azide was poured in glass petri dishes and allowed zo harden 
at room temperature. Twenty five ;al of decomplemented sera 
and antigen were placed in wells (4 mm apart). The reaction 
was allowed to proceed for 24-28 hr in a moist chamber at 
room temperature. The petri dishes were washed with 5 
per cent sodium citrate to remove non-specific precipitin 
lines. The actual precipitin lines were analysed visually. 
(b) Counterimmunoelectrophoresis (CIE) 
The method described by Davis and Winfield (1974) was 
employed for 'CIE. Three ml molten agarose (0.6 per cent) in 
25 mM barbital buffer, pH 8.4 containing 0.02 per cent 
sodium azide was layered onto alcohol cleaned microscOjpic 
slide (2.5 cm x 7.5 cm) and allowed to solidify at room 
temperature. Wells 5 mm apart and 4 mm in diameter were cut 
and antigen (DNA) was placed in cathodal v/ell while 
decomplemented serum in anodal well. Electrophoresis vvas 
performed in 50 mM barbital buffer, pH 8.4 at 3.5 mA per 
slide. Non-specific precipitin lines were washed in 5% 
sodium citrate and examined visually. 
(c) Enzyme linked immunosorbent assay (ELISA) 
(i) Buffers and reagents 
Tris buffer saline (TBS) : 10 mM Tris, pH 7.4, 150 mM 
sodium chloride 
TBS-T, pH 7.4 : Tris (2.4 g), sodium chloride 
(8.0 g), potassium chloride 
(0.2 g), Tween-20 (500 ;al) in 
1 L solution. 
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Bicarbonate buffer 
Substrate 
50 mM sodium carbonate/ 
bicarbonate, pH9 .5 containing 
2 mM magnesium chloride 
p-nitrophenyl phosphate 
(500 ;ag/ml) in bicarbonate 
buffer 
(ii) ELISA procedure 
Technique of Zouali and Stollar (1986b) wich slight 
modification was used for the detection and quantitation of 
antibodies in SLE and immune serum. All steps were carried 
out at room temperature unless mentioned otherwise. 
Polystyrene microtitre plate was incubared with 
100 ;al of poly-D-lysine (50 ^ pg/ml in distilled water) for 30 
minutes. The plate was washed three times with TBS and 
nucleic acid antigen (2.5 yg/ml TBS) was coated for 2 hr and 
overnight at 4°C followed by washing the uncoated antigen 
three tim.es with TBS. The remaining positive cnarge was 
neutralized with poly-L-glutamate (50 )ig/ml in TBS) for 2 hr 
and unoccupied sites were blocked with 1.5% BSA (TBS-BSA) 
for 5 hr. Decomplemented sera (dilution in TBS-BSA or in 
BSA as required) were coated for 2 hr and overnighr at 4°C. 
The unbound materials were washed four times with TBS-T and 
appropriate anti-IgG-alkaline phosphatase conjugate (1:1500 
dilution in TBS) was coated for 2 hr. After washing four 
times with TBS-T, substrate was added and absorbance was 
recorded at 410 nm with automatic ELISA reader. In each 
step 100 ;al of solutions were coated/added and each sample 
was run in duplicate. The control wells were treated 
similarly but were devoid of antigen. 
(d) Inhibition ELISA 
The specificity of antigen-antibody interaction was 
confirmed by inhibition experiments (Ali and Ali, 1986). 
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Varying amount of inhibitors/competitors were mixed v^ ?ith a 
fixed dilution of antisera or lyG. The mixtures were 
incubated at room temperature for 2 hr and 2-4 hr at 4°C and 
used in ELISA in place of antisera. Per cent inhibition was 
calculated from the ELISA reading. 
% inhibition = 1 - ^inhibited ^ IQO 
A 
uninhibited 
(e) Gel retardation assay 
The DNase I digested DNA fragments of 325 bp (average 
size) were brominated as described previously and brought in 
TBS, pH 7.4.-Varying amount (0-20 >ig) of anti-ZDNA antibody 
(Z22) was mixed with 20 pg of brominated DNA in TBS in a 
50 ml volume and incubated for 2 hr at room temperature. 
The mixtures were subjected to 7.5% native PAGE with 2.5% 
stacking gel at pH 8.0. The gel was stained with ethidium 
bromide and the retarded bands were visualized in UV light. 
11. Circular Dichroism measurements 
C D . spectra of native and brominated DNA were 
recorded in TBS, pH 7.4 at room temperature. The base line 
was adjusted with the same buffer. The ellipticity Q\ (dey) 
and molecular ellipticity [ Q' ])^ (deg.cm /decimol) were 
calculated from C D . readings with the following formulae 
6^= + H X S 
S = CD scale (m°/cm = 10~ deg./cm) 
and 
H = CD reading (cm) 
C = molar concentration of DNA expressed in base 
pair 
1 = cell length (cm) 
RESULTS 
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UV absorption properties of native DNA under constraint 
conditions 
Most of the factors that influence the B^Z equilibrium 
tend to change the local environment of DNA. These changes 
that favours B- to Z-transition, put the DNA molecule to 
exhibit very distinct chemical and physical properties as 
compared to the DNA counterpart in B-conformation (Rich et 
al., 1984; Latha and Brahmachari, 1986). One such exarjple 
is the characteristic red shift in UV spectra and 
hyperchromicity at 295 nm as well as hypochromicity at 
260 nm that is analogous to the near inversion of CD 
spectrum (Rich et al., 1984). These changes have been 
observed for Z-form of poly (dG-dC) .poly (dG-dC) in 4.0 M NaCl 
and in 50% ethanol (Fig. 5). In case of Z-DNA, the 
absorbance ratio a decreases; accordingly its inverse ratio 
a increases. The difference of these two ratios provide 
manageable values than a or a alone (Table 4). In case salt 
or solvent had no effect on DNA conformation, 6: would be 
equal to ^  and the relative ratio or ( = ^ ^o) will be unity. 
The effect of NaCl and ethanol on nDNA was investigated and 
the results were expressed in terms of 2 values (= 6Y-3.9). 
It could be noted that the ^ value is independent of DNA 
concentration since (Z,Q showed no change on increasing 
concentration of DNA (Fig. 6 inset). Thus the possibility 
of error contributed during various steps of measuremen-::3 is 
minimized. Maximum decrease in % value was found at 4.27 M 
NaCl (Fig. 6) and at 50% ethanol (Fig. 7). The 2* value for 
nDNA was found to be 0.136 in high salt and 0.144 in 50% 
ethanol as compared to 0.724 for Z-form of poly(dG-dC). 
Heat denatured DNA (ssDNA) in high salt shows a high 
positive 2 value (+0.534) as opposed to nDNA where the value 
is negative under similar experimental conditions (Table 5). 
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Fig. 6. Effect of NaCl on native calf thymus 
DNA. The B values were evaluated by 
absorbance measurements at 260 nm and 
295 nm. The inset shows effect of DNA 
concentration on i.^ . In all UV 
measurements/ respective concentration 
of NaCl was used as blank. 
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Fig. 7. Effect of ethanol on native DNA. Calf thymus nDNA 
was treated with varying concentrations of 
ethanol. The j5 values were computed from the 
absorbance measurements. 
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TABLE 5 
Evaluation of per cent Z-/Z-analogue conformation in native 
calf thymus DNA 
Nucleic acids and 2 values Actual Per cent 
experimental conditions obtained decrease Z-/Z-analogue 
in i, 
values 
Poly(dG-dC).poly(dG-dC) -0.624 0.724 100 
23.4% NaCl (4.0 M) 
Native DNA -0.036 0.136 18.8 
25% NaCl (4.27 M) 
Native DNA -0.044 0.144 19.9 
50% ethanol 
Heat denatured native +0.534 
DNA (ssDNA) 
25% NaCl 
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Modification of DNA with diethyl pyrocarbonte 
Modification of purine nucleosides with DEPC produce 
open ring imidazole dicarbethoxylated derivatives (Vincze 
et al. / 1973). The purine nucleosides in regular Z-DNA 
helix have syn conformation in which N-7 is more accessible 
to DEPC, and thus these residues show hyperreactivity 
towards this probe (Herr, 1985). The relative reactivity of 
nDNA to DEPC under B- and Z-DNA forming conditions was 
investigated. Native DNA in high salt and 50% ethanol was 
treated with DEPC. DNA (in PBS) treated with DEPC served as 
control. Native DNA in 50% ethanol when treated with DEPC 
showed decrease in Tm value by 3.5°C. The sample exhibited 
around 33% denaturation at 82°C whereas, at this temperature 
the melting of control sample was not even initiated 
(Fig. 8). The denaturation parameters for DEPC treated nDNA 
under varying conditions are listed in Table 6. No 
significant decrease in Tm was observed when nDNA in high 
salt concentration was modified with DEPC. Addition of DEPC 
to this sample resulted in the crystallization of NaCl which 
could account for little change in Tm. 
The modified and unmodified DNA was digested with 
nuclease Si and subjected to PAGE. The enzyme although has 
greater affinity for single stranded regions in DNA, also 
recognizes conformational perturbations in the duplex 
phosphodiester backbone, B-Z junction, and cruciform 
structures (Pulleyblank et al., 1985 ; Evans and 
Efstratiadis, 1986). Enhanced nuclease digestion was 
observed for DEPC modified ethanol treated DNA sample 
(Fig. 9, lane 7) as indicated by the formation of low 
molecular weight fragments. No appreciable change was 
observed with nDNA treated with NaCl (4.27 M)-DEPC (lane 6). 
Free energy of denaturation for modified and 
unmodified DNA are shown in Fig. 10. At 84°C the ^ G° for 
nDNA becomes positive and decreases sharply with increase in 
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Fig. 8. Melting profile of native and DEPC modified DNA. 
Native DNA ( —-Q— ) ' DNA treated with 
nEPC-NaCl(4.27 M) ( -#--) and DEPC-ethanol (50%) 
("~0—)• Melting temperature of all the samples 
were recorded in PBS, pH 7.4 at an increment of 
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TABLE 6 
Thermal denaturation data of native and modified DNA 
Native DNA Per cent denaturation 
modification system Tm °C at 82°C 
PBS 88.0 0 
DEPC-NaCl (4.27 M) 87.0 12 
DEPC-Ethanol (50%) 84.5 33 
65 
1 2 3 ^ 5 6 7 
Fig. y. Nuclease Si sensitivity of DEPC 
modified DNA. Lanes: 1) 
poly(dA-dG).poly(dC-dT) (average size 
1900 bp), 2) poly(dG-dC).poly(dG-dC) 
(average size 366 bp), 3) nDNA. 
Nuclease si treated DNA samples: 
4) control, modified in 5) PBS-DEPC, 
6) NaCl (4.27 M)-DEPC and 7) ethanol 
(50%)-DEPC. 
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Fig. 10. The,change in free energy of denaturation of modified and 
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DNA modified with DEPC-NaCl (4.27 M) ( — A — ) and 
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temperature. The corresponding values were 68°C and 80°C 
for ethanol-DEPC and NaCl-DEPC modified DNA. The change in 
free energy is quite distinct for DEPC-ethanol treated DNA. 
Equilibrium binding of ethidium to nDNA in B- and Z-DNA 
forming conditions 
The ethidium molecule is composed of the planar 
tricyclic phenanthridium ring and a secondary phenyl group 
perpendicular to the primary ring system. Beguley and 
Falkenhang (1978) found that binding constnats of the ethi-
dium to nucleic acid could ranked in the following order. 
(rA).(rU) > d(C-G) > d(A-C).d(G-T) > d(A-T) > (dG).(dC) > 
d(A-G).d(C-T) > (dA).(dT). The primary mode of binding to 
right handed double stranded polynucleotides is by 
intercalating between adjacent base pairs (Neidle and 
Abraham, 1984; Lybrand and Kolman, 1985) which is 
characterized by fluorescence enhancement at low drug/DNA 
(D/P) ratio. Such effect under B- and Z-DNA forming 
conditions in case of nDNA is shown in Fig. 11. At low D/P 
ratio, it is evident that fluorescence enhancement is low in 
4.27 M NaCl and lower in 50% ethanol compared to nDNA in 
PBS. The reduced fluorescence enhancement in high salt and 
solvent concentrations indicate low amount of intercalation 
of ethidium into nDNA. The intercalation data was further 
analyzed by Scatchard (1949) plot using spectrophotometric 
method of Peacocke and Skerette (1956). The drug binding 
data as a plot of r/C^ vs r, where r is the ratio of the 
bound drug to DNA base pair and C^ is the free drug 
concentration is shown in Fig. 12. For ethidium DNA complex 
in PBS, an intercept on r axis at r = 0.50 corresponding to 
2.0 base pair per drug bound was obtained. This binding was 
considerably reduced when salt concentration was raised to 
4.27 M. 
68 
40-
30 
20-
10 -
[ ^^^  ]/ ['-^'^ l^ 
Fig. 11. Flourescence enhancement on binding of ethidium 
bromide to nDNA in varying salt and solvent systems. 
Fluorescence was measured at }\ex = 300 nm and 
Aem = 590 nm for salt solutions while Xex = 304 nm 
and Aem = 603 nm for ethanol sample. I and IQ are 
the fluorescence of Etd-DNA complex and free ethidium 
bromide of the same concentration. Ethidium bromide 
and DNA interaction was carried out in PBS ( — O — ) / 
4.27 M NaCl ( # ) and in 50% ethanol (—1>—)• 
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Fig. 12- Scatchard plot for the binding of 
ethidium bromide to DNA under 
high and low salt conditions. 
4.27 M NaCl ( # • ) and 0.15 M 
NaCl ( — O — ) at pH 7.4. 
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Since low fluorescence enhancement was observed in 
presence of ethanol, solvent effect on the properties of 
ethidium and on the complex formation was also analyzed by 
UV difference spectroscopy. Fig. 13 shows the UV difference 
spectra of ethidium in ethanol measured against the same 
concentration of ethidium in PBS. The spectra included one 
positive peak at 295 nm with a shoulder at 330 nm and a 
negative peak at 275 nm. The effect was more pronounced at 
higher concentrations of ethidium. On addition of nDNA in 
both ethanol and PBS sample and after 30 min of 
equilibration in dark, a blue shift (5 nm) of positive peaks 
at 295 nm and 330 nm and disappearance of negative peak was 
noticed (Fig. 14). In this case too, the increase in 
absorbance at positive peaks was proportional to the 
increase in ethidium concentration althouc-h the 
concentration of DNA remained identical in all samples. The 
results point out that ethidium-DNA complex in ethanol and 
in PBS are not identical otherwise blue shift would have not 
been observed. 
Interaction of poly-L-Lysine to native DNA 
Polyamines cause the condensation of DNA (Gosule and 
Schellman, 1978) or induce a conformational transition from 
the right handed B- form to left handed 2-form (Behe and 
Felsenfeld,1981; Thomas and Bloomfield, 1985). Poly-L-lysine 
has been widely used for the immobilization of DNA on gel 
(Nicotra et al., 1982) and on ELISA plate for adsorption of 
nucleic acids (Zouali and Stollar, 1986). The interaction 
of nDNA with poly-L-lysine of varying concentration and pH 
was monitored to determine whether £-NH- group or 
tetramethylene side chain of lysine influence B-conformation. 
Native DNA (25 ;jg/ml) was mixed thoroughly with 0-20 ;ig/ml 
of poly-L-lysine in PBS, pH 7.4 and the spectra recorded 
against the same concentration of poly-L-lysine. With 
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Fig. 13. UV difference spectra of Etd in 
ethanol. The spectra were recorded 
using Etd in 50% aqueous ethanol as 
sample and the same concentration of 
.,Etd in PBS, 7.4 as control. Etd 
concentrations were: 10 iig/ml ( ), 
20 ;ag/ml ( ) and 30 pg/ml ( ). 
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Fig. 14. UV difference spectra of Etd-DNA 
complex in ethanol and Etd-DNA 
complex in PBS. Etd concentrations 
were: 10 ^g/ml ( ), 15 yig/ml 
( ), 20 yg/ml ( ) and 
25 jig/ml (- — ) . In each case DNA 
c o n c e n t r a t i o n was 25 pg/ra l . 
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increase in polylysine concentration, the hyperchromicity 
was observed in the range of 300 nm to 400 nm (Fii^ . 15A) • 
The effect was more pronounced at hi>-jher polylysine 
concentration. Negligible .change in Amax and Aniin was 
observed. The difference spectra of nDNA-poly-L-lysine 
complex against nDNA of the same concentration (Fig. 15B) 
showed hyperchromicity with a red shift in Xmax with increase 
in poly-L-lysine concentration. At higher concentration of 
polylysine (> 10 pg/ml), the complex precipitated when the 
samples were incubated at 4°C for 12 hr. DNA and polylysine 
were determined in the supernatant after pelletin>-) the 
complex. Below 1:2.5 lysine/DNA ratio (W/W) soluble 
complexes were formed. Above this ratio insoluble 
aggregated complexes were formed which depleted DNA as well 
as polylysine from the solution (Fig. 16). Almost complete 
precipitation of DNA was formed at a lysine concentration of 
20 ;ig/ml. Stoichiometric relationships suggest that 11.8 >ig 
of polylysine wa's sufficient to precipitate 12.5 ug of DNA. 
This value corresponds to an average of 6 lysine residues 
bound to per helical turn of native conformation of DNA. 
Isolation of small DNA fragments 
Brief digestion of calf thymus DNA with bovine 
pancreatic DNase I was performed in order to prepare small 
DNA fragments of varying size. The digested DNA was 
fractionated on Sepharose 4B column. Fractions containing 
progressive smaller DNA fragements were collected and 
monitored at 260 nm (Fig. 17). Their size was determined on 
agarose gel using Lambda DNA EcoRl, Hind III digest as 
molecular size marer. Most of the fragments were in the 
range of 475-325 base pairs (Fig. 18). 
Effect of bromination on native conformation of DNA and RNA 
High salt induced B- to Z-transition in poly(dG-dC) 
could be stabilized at physiological conditions by chemical 
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Fig. 15. A) UV absorption spectra of DNA in presence of varying 
amount of poly-L-lysme. Native DNA (25 ;ag/nl) was 
mixed with 0 ( ), 10 ( ), 12 ( ) and 
20 {—'— ), ;ag/ml poly-L-lysine in PBS, pH 7.4. 
Same concentration of poly-L-lysine samples were 
used as respective control. 
B) Difference spectra of DNA-poly-L-lysine complex. 
Native DNA in PBS was used as control. Poly-L-lysme 
concentrations were: 10 ( ), 12 ( ) and 
20 ( ), ;jg/ml. 
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Fig. 17. Fractionation of DNase I digested calf thymus nDNA on 
Sepharose 4B column. 
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Fig. 18. Agarose gel electrophoresis of fractionated 
DNA. The molecular weight marker was X D N A 
EcoRl, Hindlll digest (lane A) and nDNA 
(lane B). Fraction numbers are as 
indicated. 
bromination (Moller et al., 1984; Hasan and All, 1990), 
Double stranded poly(dG-dC)/ native calf thymus DNA and 
total buffalo thymus RNA were brominated in hi-h (4.27 :ij 
and low (0.15 M) NaCl concentration and dialyzed 
exhaustively against TBS, pH 7.4. The UV absorption 
characteristics of native and brominated DNA at 
physiologically compatible conditions are listed in Table 7. 
The Xmax for brominated and unbrominated DNA was unchan-ed 
v/hile Xmin was shifted from 228 nm (unbromina-ued DNA) zo 
238 nm and 242 nm for native DNA brominated in high (Er4) 
and low (BrN) salt respectively. The molar extinction 
coefficient and absorption at 260 was ccnsideracly 
decreased. 
The conformational changes in brominated polyners 
were monitored by UV spectroscopy. The high salt induced 
Z-conformation in poly(dG-dC) was retained after bromination 
when brought to low salt solution. This is characterized by 
red shift in UV spectra (Fig. 19A) viz., hyperchromicity at 
295 nm and hypochromicity at 260 nm compared to the spectra 
of control sample of the polymer. UV difference spectra of 
poly(dG-dC) brominated in high salt showed a prominant 
increase -in absorption at 295 nm (Fig. 19B) whereas no sucn 
increase was obtained with the polymer brominated in low 
salt concentration. The absence of characteristic Z-DNA 
spectral properties of low salt brominated poly(dG-dC) 
clearly demonstrate that the polymer retained its native 
conformation (B-DNA) even after bromination. Native DNA v/as 
brominated in high (4.27 M; Br4) and low (0.15 M; BrN) NaCl 
concentrations. The UV spectra were recorded using nDNA as 
reference (Fig. 20A) . Native DNA bromianted in hi>-jh salt 
displayed a Z-DNA-like spectral changes whose shape was not 
identical to that obtained in case of Z-form of poly(dG-dC). 
There was, however, a sharp decrease in absorbance at 260 nm 
and increase around 300 nm (Fig. 20B) and at hi^ h^er 
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TABLE 7 
UV absorption characteristics of native and brominated DNA 
DNA polymers 
Absorption 
characteristics nDNA Br4 BrN 
1. Amax (nm) 256 256 256 
2. Xmin (nm) 228 238 242 
3. Molar extinction 13.80x10^ 7.25x10-^ 6.19x10^ 
coefficient 
(M cm ) 
4. Per cent decrease in 0 47.5 55 
absorbance at 260 nm 
5. Absorbance at 260 nm 2.080 1.093 0.933 
(100 ug/ml) 
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Fig. 19. A) Ultraviolet absorption 
poly(dG-dC).poly(dG-dC) (-
spectra of 
) and corres-
ponding polymer brominated in 0.15 M ( _) 
and in 4.0 M ( ) NaCl. All the samples 
were brought to physiological conditions before 
recording the spectra-
B) UV difference spectra of the polymer brominated 
in low ( ) and high salt ( ) concentra-
tion. Unbrominated poly(dG-dC) served as 
control. 
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b r o m m a t e d i n 4 . 2 7 M ( ) and m 3.15 M 
( ) NaCl . 
B) UV difference spectra of nDNA brommazed m 
high ( ) and low ( ) salt using nDNA 
as control. 
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v/avelengths. Buffalo thymus total RNA brominated in hiyh and 
low salt solutions showed only hypochrordcity at 260 nm 
(Fig. 21A). There was no hyperchromia effect around 300 nm 
as observed in difference spectra recorded against 
unbrominated RNA (Fig. 21B). To derermine the extent of 
chemical bromination, low salt brominated RMA was hydrolyzed 
with perchloric acid and hydrolysate was passed throu>-,h a 
DEAE Sephadex A-50 column to separate zhe modified and 
unmodified bases. The elution profile of bases is shown in 
Fig. 22. The modified and unmodified bases were 
characterized by their respective UV spectra. Nearly 64% of 
cytosine and 49% of guanine bases were found to be in the 
modified form. As reported earlier from this laboratory 
(Hasan and Ali, 1990), the brominated DNA (3r4) contains 44% 
and 22% modified guanine and cytosine respectively. 
The conformational changes in DNA were also evaluated 
by quantitative measurement of absorbance at 260 nm, 294 nm 
and 296 nm. The average of absorbance at 294 nm and 296 nm 
dividied by the absorbance at 260 nm is designated as 
absorbance ratio. The absorbance ratios for different 
brominated and unbrominated DNA polymers are given in 
Table 8. It could be noted that this ratio was around 0.3 
for Z-form of poly(dG-dC). Br4 and BrN showed absorbance 
ratio of 0.27 and 0.44 respectively. For nucleic acids in 
B-conformation the value was around 0.1 or less. Various 
nDNA fragments brominated in high salt showed no correlation 
between absorbance ratio and length of DNA. Thus absorbance 
ratio appears to be a reliable characteristic of B- to Z- or 
Z-analogue transition. 
Antibody specificity for binding to brominated DNA 
Left handed Z-DNA has been shown to be highly 
immunogenic which elicites specific anti-ZDNA antibodies 
(Lafer et al., 1981; Zarling et al., 1984a). Native calf 
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Fig. 21. A) UV absorption spectra of unbrominated RNA ( ) 
and RNA brominated in high ( ) and low ( ) 
salt. 
B) UV difference spectra of RNA brominated in 0.15 M 
{ ) and in 4.27 M { ) salt. Unbrominated 
RNA was used as control sample. 
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Fig. 22. Elution profile of hydrolyzed RNA brominated m 
0.15 M NaCl. The modified bases have been dotted. 
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TABLE 8 
Absorbance ratio of DNA polymers brominated in varying NaCl 
concentrations 
Double stranded Absorbance ratio* 
DNA polymers 
1. Poly(dG-dC).poly(dG-dC) in: 
0.15 M 0.103 
4.0 M 0.311 
(Z-DNA) 
2. Poly(dG-dC).poly(dG-dC) 
brominated in: 
3. Calf thymus nDNA in: 
4. Calf thymus nDNA 
brominated in: 
0 . 1 5 M 0 . 3 9 2 
4 . 0 M 0 . 2 8 2 
0 . 1 5 M 0 . 0 6 7 
0 . 1 5 M 0 . 4 3 6 
4 . 2 7 M 0 . 2 7 0 
5. Calf thymus nDNA fragments 
of following average size 
brominated in: 
4.27 M 
425 bp 0.240 
350 bp 0.175 
325 bp 0.309 
*Average of absorbance at 294 nm and 296 nm divided by 
absorbance at 260 nm. 
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thymus DNA brominated in presence of 0.15 M and 4.27 M NaCl 
were used as immunogens in rabbits. Both of the modified 
polymers elicited high titre (> 1:3200) non precepitatin>-, 
antibodies (Fig. 23). IgG, isolated from the sera, was 
found to be electrophoretically pure. High degree of 
antibody binding activity in the IgG population to their 
respective antigens was detected in a direct binding ELISA 
(Fig. 24). When Z-DNA was used as adsorbed antigen, almost 
linear binding of anti-Br4 IgG was observed with progressive 
increase in its concentration (Fig. 25). Hcvever, no 
appreciable binding to Z-DNA was detected for anti-3rN Ii-,G. 
Anti-Br4 antibodies specificity to various polymers 
was ascertained by competition experiments. The binding of 
anti-Br4 IgG to its immunogen was effectively inr.ibited by 
both Br4 and BrN whereas, the inhibition obtained for Z-form 
of poly(dG-dC) was nearly half of that achieved for these 
two forms of native DNA (Fig. 26A). Parellel competition 
experiments were performed to assess the difference in 
specificity of anti-BrN IgG and anti-Br4 IgG po^^ulations. 
The binding of anti-BrN IgG to the antigen was inr.ibited by 
immunogen (BrN) greater than Br4. No competitive inhibition 
was observed with Z-DNA (Fig. 26B). Double stranded 
poly(dG-dC), Br-poly(dG-dC) (low salt form), nDNA, denatured 
DNA and poly(dG).poly(dC) were proved to be non-competitor 
for either of the two antibodies. RNA-DNA hybrice assumes 
right handed A-conformation (Adams et al., 1981). 
Poly(rG).poly(dC) was also not reactive to these antibodies. 
Total buffalo RNA brominated in high and low salt that 
contain 64% cytosine and 49% guanine in modified form as 
well as unbrominated RNA also did not inhibit the binding 
capacity of the antibodies to their respective antigens 
(Table 9). 
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Fig. 23. Direct binding ELISA for the 
detection of antibodies agains-
brominated DNA. preimrnune (—(S— 
and immune serum (—Q—) agains" 
nDNA brominated in 0.15 M NaCl. 
Preimrnune ( # ) and immune 
serum ( 0 — ) against nDNA 
brominated in 4.27 M NaCl. Their 
respective Br-nDNA were used as 
antigen. 
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Preimmune {—%—) and immune IgG (—Q—) 
against Br4, preimmune (—A— ) and immune 
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Fig. 26. Inhibition of anti-Br-nDNA IgG antibodies activity 
by brominated polymers. 
A) Br4 was used as antigen. Varying amount of Br4 
(—O— )/ BrN ( # ) and Z-DNA {—^—) were mixed 
with anti-Br4 IgG (final concentration 5 ;ig/nl) 
and the mixture was incubated for 2 hr at room 
temperature and 4 hr at 4°C. 
B) Using BrN as antigen and anti-BrN IgG as 
antibodies system, BrN ( % ) , Br4 ( — O — ) 
and Z-DNA {—^— ) were utilized as competitive 
inhibitors. 
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TABLE 9 
Competitive binding assay of antibodies to native DNA brominated 
in 4.27 M (Br4) and in 0.15 M (BrN) NaCl 
Nucleic acid polymers Maximum per cent inhibition 
achieved 
Anti-Br4 IgG Anti-BrN I^ G 
Brominated polymers: 
Br4 
BrN 
Z-DNA 
Br-poly(dG-dC) (0.15 M)' 
Br-RNA (4.27 M) 
Br-RNA (0.15 M) 
65 
66 
37 
15 
Nil 
Nil 
47 
64 
10 
ND 
Nil 
Nil 
b 
Double stranded polymers: 
Poly(dG-dC)2 
Poly(dG).poly(dC) 
Poly(rG).poly(dC) (A-DNA) 
Native DNA (B-DNA) 
15 
15 
15 
Nil 
Nil 
Nil 
Nil 
Nil 
Single stranded polymers: 
ssDNA 
RNA 
Nil 
Nil 
Nil 
17 
Molar concentration of NaCl in which nucleic acids were 
brominated. 
Not determined. 
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Binding of monoclonal anti-ZDNA antibody to brominated DNA 
Binding of monoclonal anti-ZDNA antibody (Z22) to Br4 
and BrN polymers was tested using Z-DNA as antigen in a 
competition assay. A maximum of 60% and 48% inhibition vras 
obtained for Br4 and BrN respectively. Fifty per cer.i: 
inhibition was achieved for Br4 at an inhibitor 
concentration of 44 >ig/ml (Fig. 27). The binding of Z22 -o 
brominated DNA was also confirmed by gel retardation assay. 
High salt induced conformational changes in small nC:;A 
fragments (average size 325 bp) was stabilized in TBS by 
bromination. The Br-nDNA fragments were mixed with 0-20 ^^ . 
of Z22 antibody and electrophoresed after 2 hr of incubation 
at room temperature. The results are depicted in Fig. 25. 
With increase in antibody concentration, the retarded 
electrophoretic mobility was observed for antibody treared 
Br-nDNA fragments (lanes 2 to 4) as compared to tr.e 
untreated sample (lane 1). The intensity of retarded C:;A 
band was proportional to the antibody concentration. The 
number of retarded bands and their intensity were also 
increased with increase in antibody concentration. 
Circular dichroism of native and brominated DNA 
Molecular ellipticity for brominated and unbrominared 
nDNA was calculated from the CD readings measured at low 
salt conditions and at room temperature. Native DNA shews 
negative ellipticity from 220 nm to 240 nm and positive 
ellipticity with a shoulder at higher wavelength (250 nm ro 
290 nm) . The minima and maxima of the CD curve correspond 
to around 240 nm and 272 nm respectively (Fig. 29A) . After 
bromination in low salt (BrN) near inversion with red shift 
of the CD spectrum was noticed. In this case, there is a 
positive band at 249 nm and a negative band at 290 nm 
(Fig. 29B). There is also a considerable loss in the 
magnitude of ellipticity. For high salt brominated form of 
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Fig. 27. Inhibition of monoclonal anti-ZDNA 
antibody (IgG) activity by 
brominated nDNA. The coating 
antigen was Z-confornation of 
poly(dG-dC) and the competitors 
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Fig. 28. Gel retardation assay of anti-ZDNA 
antibody binding to nDNA fragments 
brominated in high salt. Each lane 
contained 15 p.g of brominated nDNA with 
1) 0, 2) 5, 3) 10 and 4) 20 ^g of 
antibody. The immune complexes are 
marked with arrow. 
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nDNA (Br4), only negative band around 249 nm was observed. 
The polymer shows no positive band at any wavelength. 
Binding of anti-nDNA autoantibodies to brominated DNA 
Affinity column was - divised to isolate homogenous 
high affinity anti-nDNA antibodies fron SLE sera. 
Poly-L-lysine was covalently linked with Sepharose 4B after 
activation with cyanogen bromide. The DNA binding capacity 
of this gel was found to be 240+^ 17 }ig/nl packed gel. Crude 
immunoglobulins were precipitated with 35 per cent 
saturation with ammonium sulfate and dialyzed against PBS, 
pH 7.4. The dissolved sample was loaded onto 
DNA-[polylysyl-Sepharose 4B] column and bound materials were 
eluted applying linear ionic strength gradient. Two peaks 
at 0.30 M and 1.20 M NaCl with absorbance ratio (A260/A280) 
of 0.572 and 1.850 were emerged (Fig. 30) indicating protein 
in the first peak and DNA in the second peak. Colorimetric 
estimation of protein and DNA in peak fractions confirmed 
the above statement. High titre anti-IcG immune serum (1:16 
by immunodiffusion) raised in rabbit against pure normal 
human IgG reacted with the 1st protein peak forming a single 
precipitin line of complete identity (Fig. 30 inset). The 
specificity of isolated antibodies is sho^m in Fig. 31. 
Fifty per cent inhibition was achieved by nDNA and ssDNA at 
0.7 |ig and 2.5 ;ig respectively. Appreciable inhibition was 
observed with RNA and RNA-DNA hybrid. The brominated form 
was inhibitory only to a minor extent. 
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Fig. 30. Immunoaffinity isolation of anti-nDNA antibodies on 
DNA-[polylysyl-Sepharose 4B] column. Thirty five 
per cent ammonium sulfate precipitated SLE serum 
proteins were passed through the column and bound 
protein (first peak) as well as the immobilized 
antigen (DNA) (second peak) were eluted simul-
taneously applying linear gradient ( ) of NaCl 
(0.15 to 3.0 M) in P^  buffer. Inset shows 
Ouchterlony double immunodiffusion of isolated 
antibodies well C contained anti-normal human IgG 
whereas wells 1, 2, 3 and 4 represents NHIgG, first 
peak, second peak and serum albumin respectively. 
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Fig. 31. Inhibition of affinity purified SLE IgG antibodies 
binding to nDNA v/ith nucleic acid polymers. The 
competitors were: nDNA ( — ^ — ), ssDNA ( — O — ) - -^^ ^^  
(—#—), poly(rG) .poly(dC) (—D—) , BrN ( A ) and 3r4 
i - ^ ) . 
DISCUSSION 
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The DNA molecule is being recognized as highly 
polymorphic that can adopt variety of interconvertible 
conformers (Wells and Harvey 1987; Wells, 1988; Palecek, 
1991). Unlike prokaryotic DNA where it is easy to detect 
Z-DNA segments _iri vivo at relatively higher negative 
supercoiling (Nordheim et al., 1983), eukaryotic DNA is 
highly complex, linearised with undefined length and base 
sequences. The alternate d(C-A) /d(G-T) , a middle 
repeatitive sequence that is present as thousands of copies 
in nuclear genome (Rich et al., 1984), and other alternate 
purine-pyrimidine having interruption by non-alternatin^ 
bases (McLean and Wells, 1988) are now known to assume left 
handed helical conformation. For these reasons, it v/as 
thought of interest to work with calf thymus DNA as a model 
system to investigate the Z-DNA forming potentiality of 
eukaryotic genomic DNA. 
Initial part of the studies was primarily based on 
the characteristic UV absorption of Z-DNA relative to B-DNA 
and the relative reactivity of nDNA towards DEPC and Etd 
under constraint conditions. The absorbance ratio in terns 
of Z values overcome the problem of error contributed while 
measurement of DNA concentration. As is shown, 50% ethanol 
and 4.0 M NaCl is the effective concentration for inducing/ 
stabilizing Z-conformation in poly(dG-dC). Lafer et al. 
(1986) have shown that for this polymer, the midpoint of 3-
to Z-transition is at 2.25MNaCl and at higher concentration 
A„Qc/Ap^Q ratio remains unchanged. It could therefore be 
assumed that the Z value obtained for poly(dG-dC) in hic,h 
salt arise due to total conversion (100%) of B-conformation 
into Z-form. The limited decrease in this value for nDNA 
could account partial transition to Z-/Z-related 
conformation only to an extent of 20 per cent. The observed 
effect on 2 value do not arise due to local denaturation or 
unstacking of bases in high salt and ethanol because heat 
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denatured nDNA in high salt shows a high positive Z value 
instead of negative value for polymers under constraint 
conditions. 
N-7 of purines in B-conformation are not sheilded and 
react with DEPC (Herr, 1985). In Z-DNA, the purines lie on 
the surface of the helix (Rich et al. , 1984) and thus show 
enhanced reactivity toward the modifier (Herr, 1985). 
Addition of DEPC to high salt DNA sample caused 
recrystallization of NaCl. As a result, nDNA acted as if it 
was in low salt and excessive modification was not achieved. 
In contrast, the substantial decrease in initiation 
temperature of melting of DEPC-ethanol modified DNA sample 
(65°C) compared to corresponding control (83°C) and increase 
in per cent denaturation at 82°C reiterate the transition of 
nDNA to Z-/Z-like conformation. The positive change in free 
energy and its distribution over a wide range of temperature 
shows that energetically unfavourable structure is 
predominant in this modified polymer at relatively lower 
temperature (below 80°C). The opening of the helix as 
characterized by the A Gg values is sluggish in between 68°C 
and 82°C and probably reflect different type of base 
stacking. In fact, the bases in B-DNA are uniformly stacked 
whereas in Z-DNA, two types of base stacking have been 
reported (Wang et al. , 1981). Thus the modification in 
ethanol might not be the result of local opening of the 
bases, instead, it reflects partial transition of nDNA into 
Z-DNA. 
Ethidium acts as cooperative antagonist for B- to 
Z-transition (Pohl et al., 1972) and could be used as a 
probe for secondary structure. A comparative binding 
studies of Etd to DNA was carried out in presence of B- and 
Z-DNA forming conditions. The fluorescence enhancement was 
considerably reduced in high salt or ethanol. The low 
fluorescence intensity of free ethidium in water has been 
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attributed to the efficient quenching of excited state 
nolecules by proton transfer to water molecules (Olmsted III 
and Kearns/ 1977). On the other hand/ the enhancement of 
fluorescence intensity in non-aqueous solvents or as a 
result of binding to DNA has been attributed to a reduction 
in the proton transfer rate. The high salt or solvent 
reduce the proton accepting capacity of water probably by 
shielding the molecule. Accordingly, high salt or solvent 
cannot solely account for the quenching of fluorescence 
enhancement. Since Z-DNA has lower affinity for Etd and the 
amount of intercalation is also reduced (Walker et al., 
1985; Hardin et al. , 1988), partially formed Z-DXA in nDNA 
seems to be more appropriate candidate responsible for 
decrease in fluorescence intensity. The binding of 1 
Etd/2 bp in low salt conditions as detected by Scatchard 
binding assay confirms expected B-conformation of nDNA at 
physiological conditions (Hardin et al., 1988). Highly 
cooperative binding of Etd to Z-conformation of poly(dG-dC) 
sequentially converts Z- to intercalated B-form (Pohl 
et al., 1972; Walker et al. , 1985). In a mixture of linked 
non-contiguous B- and Z-conformations where 3-form is 
predominant, an obvious cooperative binding is highly 
unlikely. However, overall binding has decreased in high 
salt as is evident from Scatchard plot which might be due to 
the partially formed Z-DNA. 
The effect of high salt and solvent vis-a-vis their 
influence on UV absorption of Etd was also studied. The 
comparative change observed by UV difference spectra 
revealed that UV absorption near Xex (304 nm) was 
significantly enhanced when ethanol was added to Etd 
solution. Etd-DNA complex formed in presence of ethanol was 
quite distinct from that of low salt complex as 
characterized by blue shift in the difference spectra. When 
ethidium binds to B-DNA, the twist per base pair along the 
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double helix has been found shifted from 34° to 26° 
resulting in unwinding of the double helix (Ivang, 1974). 
Thus,- the unwinding effect due to larcje amount of 
intercalation of Etd would be considerably grea-er in low 
salt sample as compared to the polymer when it is in the 
Z-conformation. The bases in Etd-DNA complex formed in low 
salt are highly unstacked as compared to the cor._--lex formed 
in ethanol sample. Therefore, the complex in erhanol v/ill 
absorb maximally at • slightly lower wavelength -.mile thar 
formed in low salt shows this effect at slightly higher 
v/avelength. The net result in the difference spectra is, 
thus, a blue shift. 
Besides high salt concentrations, naturall_.- occurring 
polyamines induce B- to Z-transition in pcly(dG-m dC) 
(Thomas and Messner, 1988). Both the total charge and rhe 
distance of separating the charge which is a function of the 
length of carbon chains between amino groups in polyamines 
are important for induction of conformational change in DNA 
(Basu and Marton, 1987). Poly-L-lysine possess nigh degree 
of positive charge on £-NH- group at pH 7.4 that is 
separated by tetramethylene group from the backbone of the 
polypeptide. It is clearly shown that the binding of 
polylysine to DNA is primarily based on char'^ e interaction 
since their interaction disappears when S-NH-, group is 
deprotonated. Interaction of negatively charged 
phospholipids induce conformational change in polylysine 
from random coil to highly ordered structure at neutral pH 
(Fukushima et al., 1989). The primary binding at low 
polylysine concentration seems to be along the DNA backbone. 
At higher concentration of polylysine the intermolecular 
cross-binding of DNA becomes operational to form effective 
aggregate. Aggregation of calf thymus DNA has also been 
reported as a consequence of polyamines binding (Basu and 
Morton, 1987; Basu et al., 1989). Thus, B- to Z-transition 
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ir. nDNA depends on its microenvironment and lysine rich 
polypeptides may play important role in condensation-
decondensation process of DNA rather than chan9in9 its 
native conformation. 
Bromination of nDNA was carried out in hi9h sale 
with the expectation that high salt induced Z-DNA segments 
ir. DNA could be stabilized at physiologically compatible 
conditions of pH, ionic strength and temperature. 
Simultaneous bromination of nDNA in lov/ salt was also 
performed as a control experiment and to assess whether 
bromination itself induces any conformational change in 
native sequences. Double stranded poly(dG-dC) that was 
brominated in high salt maintained its Z-conformation ar 
physiological conditions. The same polymer v;hen brominated 
in lov/ salt did not exhibit Z-DNA characteristics indicating 
that bromination itself do not induce B- to Z-transition, ar 
least, in (dG-dC) stretches. Contrary to these observations, 
n 
nDNA when brominated in either high or low salt conditions, 
exhibited spectral change that were analogous but not exact 
replica of Z-DNA spectra obtained for poly(dG-dC). At 
least, two predictions could be made through these results. 
Firstly, bromination itself induces Z-DNA-like conformational 
changes in nDNA. Alternatively, these spectral changes may 
be arising due to exposure of brominated bases owing to 
denaturation or aggregation of DNA after bromination. If 
later is true, RNA brominated in high or low salt could have 
exhibited increase in absorbance at or above 290 nm similar 
to that observed in case of Br-nDNA. Furthermore, 
aggregation of Br-nDNA could not be predicted since there is 
no linearity in hyperchromicity or very high absorbance in 
the range of 350 nm to 400 nm as has been observed in the 
case of nDNA interaction with polylysine at high 
concentration. Therefore, conformational changes in nDNA 
due to bromination that could be a near relative to Z-DNA is 
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more strongly indicated. Further evidence for such 
conformational changes could be provided by the quantitative 
evaluation of absorbance ratio. The ratio for B- and Z-DNA 
were < 0.10 and 0.30 respectively. The calculated ratio for 
Br4 and BrN were 0.27 and 0.44 respectively. It could be 
noted that the absorbance ratio for poly(dG-dC) brominated 
in low salt was equal to the value obtained for B-DNA. 
The immunogenicity and the nature of antigenic 
determinats present on Br-nDNA were determined usinc, 
purified IgG elicited against Br4 and BrN. Both the 
brominated form of nDNA were found to be highly immunogenic. 
The competition experiments demonstrate that the antibodies 
raised against high or low salt brominated form show similar 
specificity but with a significant difference in binding to 
Z-DNA. The binding of anti-Br4 IgG to its immunogen was 
competed with Z-DNA but to a lesser extent. Nevertheless; 
anti-ZDNA antibodies activity was not detected in the 
population of anti-BrN IgG. The result clearly indicate that 
nDNA brominated in high salt possess small amount of Z-DNA 
analogous to Z-form of poly(dG-dC). Native DNA brominated 
in low salt did not possess such helix. However, both the 
brominated form share major structural features that could 
be non-B-DNA. 
It is of great interest that neither of the two 
antibodies recognize right handed A- and B-helices. 
Furthermore, several nucleic acid polymers like nDNA, ssDNA, 
brominated and unbrominated RNA, Br-poly(dG-dC) (low salt 
form) did not show binding to the induced antibodies. On 
these grounds, it could be inferred that these antibodies 
recognize neither modified bases nor sugar-phosphate 
backbone of DNA and RNA. The major recognition sites could 
be non-right handed helices that do not essentially provide 
the same epitopes which are present in the Z-form of 
poly(dG-dC). 
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A more precise information regarding the nature of 
the helix in Br-nDNA was inferred from the bindinc 
experiments of mouse monoclonal anti-ZDNA antibody (Z22). 
The antibody has been used as a highly specific crobe for 
Z-conformation which can recognize Z-DNA segner.z in a 
polymer having multiple conformations (Sanford er al., 
1988). NMR studies revealed that Z22 specifically 
recognizes backbone of Z-DNA and base modification do nor 
inhibit its binding efficiency (Sanford and Srollar/ 1990). 
In a competition assay, BrN as well as 3r4 polymers 
successfully inhibited the binding of Z22 to Z-Z'.;A to a 
considerable extent. As has been observed fror. rhe UV 
absorption spectroscopy and the antibodies specificicy data 
both of the polymers share non-right handed helix as a ma-or 
structural feature except that only Br4 possess small 
segment of Z-conformation analogous to Z-fcrm of 
poly(dG-dC). Sanford et al. (1988) have shown tha- Z22 do 
not bind nDNA. This implies that the interaction cf Z22 is 
possible only when BrN and Br4 possess Z-DNA anaic^ous or 
energetically favourable structure which can interact with 
the paratope of Z22 and as a consequence finally, stabilized 
as Z-DNA. Previous investigations suggested that anti-ZDNA 
antibodies may shift the B ^ Z equilibrium forwardl_.- (Lafer 
et al., 1986) by stabilizing the Z-conformarion .Stollar, 
1986) and may drive the formation of Z-confor-a.ion in 
potentially Z-DNA forming sequences (Jovin et al. , 1983; 
Lafer et al., 1981). On these grounds the majOr 
conformational features associated with BrN and Br4 could be 
designated as Zt-DNA which could be defined as a closely 
related structure to Z-DNA, may be transition intermediate 
of B^Z equilibrium, having non-right handed helix -hat has 
potentiality to adopt canonical Z-DNA after binding with 
Z-DNA stabilizing protein(s). 
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The binding of Z22 to brominated DNA and the 
potentiality of regions of nDNA undergoing B- to Z-transition 
was further investigated by gel retardation assay. The 
appearance of several re::arded bands in gel retardation 
assay when nDNA fragments (brominated in high salt) interact 
with Z22 might be due to the presence of varying number of 
epitopes on a fragment resulting in immune conjlexes of 
varying size and composi-ion. In a population of nDNA 
fragments of similar average length obtained after brief 
digestion with DNasel, secements are expected to vary in 
base sequence. Circular Dichroism of poly(dG-dC) family 
where B- to Z-transition is accompanied by near inversion 
with red shift in the speczrum, is well documented (Lafer er 
al., 1981; Moller et al., 1981; Vorlickova and Sagi, 1989). 
The CD spectra of nDNA and its two brominated forns (BrN and 
Br4) were recorded to compare their helical structure. 
Native DNA in low salt shows a typical right handed B-DNA 
curve. After bromination in low salt, the polymer shows 
near inversion with red shift in the CD spectrum indicating 
the predominating left handed helix in BrN. However, in 
case of Br4 it appears that the right to left handed 
isomerization is not as effective as in BrN. As a result, 
the net effect is the disappearance of positive ellipticity 
at higher wavelength. A similar effect on UV absorbance 
ratio was observed when BrN showed 1.6 times greater ratio 
than Br4 (Table 8). The significant change in helical 
conformation could be also predicted from the SLE anti-DNA 
antibodies binding data where the antibodies binding is 
decreased considerably after bromination of nDNA. Therefore, 
left handed double helix could not only be induced in 
d(C-G) /d(G-T) family of DNA upon dehydration or 
modification but also in nDNA sequences upon chemical 
modification under physiologically compatible conditions. 
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Based on these observations, the B-• Z transition 
seems to follow two pathways iii vitro (Fie,. 32). Path I 
involves high salt induced transition of small segement(s) 
of nDNA into Z-DNA having identical epitopes to Z-forn of 
poly(dG-dC). Covalent modification (e.y. bromination) 
induces left handed Zt-DNA and stabilize both Zt- and 
Z-conformations at physiological conditions. In case, the 
polymer is modified at physiological salt concentration only 
Zt-form is acquired (Path II). Irrespective of the parh 
followed, the Zt-conformation of the polymer on interacricn 
with Z-DNA binding protein(s) e.g. anti-ZDNA antibodies, 
forms Z-DNA. 
The major findings of present studies could be 
summarized as follov/s: 
1. At physiologically compatible conditions of pH, ionic 
strength and temperature, nDNA fully assumes 
B-conformation. 
2. Induction of Z-DNA in nDNA depends on its 
microenvironment. High salt and solvent drive the 
formation of Z-DNA in segment of nDNA while 
poly-L-lysine may play a role in condensation-
decondensation process. 
3. The Z-DNA forming sequences are interspersed alon... 
the strand of DNA. 
4. In (dG-dC) stretch, high salt induced Z-conformation 
is stabilized at low salt conditions. B-conformation 
of this sequence is not influenced by bromination in 
low salt. 
5. In nDNA, high salt induced Z-conf ormation is also 
stabilized in low salt by bromination and elicits 
anti-ZDNA antibodies . 
6. Irrespective of the salt concentration, bromination 
induces conformational changes in nDNA that could be 
left handed helix. 
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Native DNA 
PATH I 1 PAT H n 
B 
High SQU 
B Z 
• » • • 
. • • • 
Bromination in 
high sa l t 
Zl Z 
t^V^y/i^l'/.-.-.lfl f^f:-:-:-ll or 
Zt B 
< • • • * 1 
• • • • 1 
. . . •! 
Brorr,! nation In 
l o ^ sa l t 
B 
1 
Zt 
Z-DNA-b ind ing 
p r o t e i n ( s ) 
Z-DNA 
K/ 
^ . Z-DNA-binding 
p r o t e i n ( s ) 
Fig. 32. Schematic presenta t ion of B- to Z- t rans i t icn in 
native calf thymus DNA. All the measurements are 
a r b i t r a r y . 
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7. Both the high and low salt brominated form of nDl^ A 
are highly immunogenic and elicit confornaticn 
specific antibodies. 
8. Specific monoclonal anti-ZDNA antibody recognize bczn 
the brominated form of nDNA. DNA fragmen-s 
brominated in high salt show varying de-^ r^ee cf 
binding to anti-ZDNA antibody. 
9. Zt-DNA could be defined as a closely related 
structure to Z-DNA in having left handed helix thar 
has potentiality to adopt canonical Z-DNA after 
binding with Z-DNA stabilizing proteinls). 
10. In DNA sequence of biological origin, B- ZD 
Z-transition may be a two-event process. 
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